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REGIONALISM IN 


: ow extension of rationing, the concentration 
of industry, the changes in reserved occupa- 
tions, and the registration of women must have 
brought home to everyone the vital part which the 
civilian population has to play in the present 
struggle ; but that contribution must be seen in 
its true perspective. Whether in offence or defence, 
the striking power of the armed forces depends 
upon the maintenance of supplies. That is not a 
matter for the armament factories alone ; it in- 
volves also the agricultural worker and others 
concerned with food production, and those who 
operate the transport services and other essential 
services in our industrial and national life. It is 
for the Government to determine as wisely as 
possible the exact balance between the distribution 
of man-power in the armed forces, munitions and 
other essential services for maintaining the national 
life, and this the policy of concentration and limita- 
tion of supplies is designed to promote. Once 
that balance has been struck, the development of 
full fighting power depends primarily upon main- 
health and morale and the maximum 
efficiency. Enemy air attacks on Great Britain 
have been directed as much against health and 
morale as against production. 

Political and Economic Planning (P E P) has 
recently issued a valuable broadsheet entitled 
“London under Bombing”’, which directs attention 
not only to important specific issues but also to 
the wider problems involved in the readjustments 
of its life that the civil’ population is being com- 
pelled to make, and it does not fail to point out 
that in this greater plasticity lies one hope of the 
emergence of a better order. Artificial administra- 
tive boundaries, especially between the various 
parts of a single large town or urban cluster, can 
no longer be maintained. Regional organization 
of local services is gaining strength, and local 


taining 


ADMINISTRATION 


organization is losing it. The whole-time admin- 
istrator responsible to a higher authority is re- 
placing the spare-time committeeman responsible 
to voters who may or may not vote occasionally 
either for or against him. The rigidity of class 
barriers has been diminished in the armed forces, 
in civil defence services, through evacuation 
schemes and otherwise, and the lack of balance 
between the material and the spiritual values of 
civilization has been sharply redressed. The nation 
has learnt that a vigorous socia] purpose is not 
only a source of satisfaction but also a source of 
strength and comfort. 

Contrasting the experience of bombing with 
anticipations, the broadsheet refers to the way in 
which some technical surprises have played a part 
in determining the nature of London’s problems 
during the last few months. The extensive use of 
the delayed action bomb has resulted in some 
unexpected transport problems due to traffic 
diversions, and in large numbers of temporarily 
homeless persons. It has also shown that bomb 
disposal squads were understaffed. Bombing has 
also stressed not only weaknesses in the civil 
defence services but also weaknesses in the whole 
system of the government of London. The exis- 
tence of ninety-five separate local government 
authorities in the London Civil Defence Region 
has not led to the most effective action in dealing 
with the social consequences of bombing. 

Once the Blitzkrieg has failed, the objective of 
‘enemy attack, as already indicated, becomes the 
general dislocation of war effort The task of 
civil defence is to take the necessary steps to 
minimize the harmful effect of attack, and to put 
into action wider measures required to adapt the 
civilian population to an environment partly con- 
ditioned to the danger of attack. 

With regard to direct action, the only possible 
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generalization is that the A.R.P. services have 
worked well. A suggestion which calls for careful 
consideration is the provision of a service of wel- 
fare wardens whose business would be to reach the 
scene of an ‘incident’ as quickly as possible in 
order to direct people to rest centres, and look 
after the needs of those who take temporary refuge 
elsewhere. Such a service is actually in operation 
in Birmingham and some other provincial cities, 
and it might be embodied in the existing wardens’ 
organizations. Other provisions to deal with 
social rather than physical casualties also require 
strengthening. Rest centres, billeting, re-housing 
and house-repairs have an important contribution 
to make to the maintenance or restoration of 
health and morale. 

With regard to shelters, criticism in the last six 
months has been directed more at the low standard 
of amenity than at the low standard of protection. 
If a policy of dispersal had been faithfully followed 
in practice, there would have been no amenity 
problem. While in many shelters opportunities for 
communal activity have been used, and attention 
is being given to recreation and study—more than 
four hundred evening classes are being run in 
shelters by the L.C.C—the most important 
aspect of the provision of amenities is that of 
health. 

The seriousness of this question of health is well 
brought out by one of the most important sections 
of the broadsheet. It is not merely that many 
thousands of Londoners spend their nights either 
in overcrowded, uncomfortable and dirty public 
shelters, or in cold and damp shelters of the 
Anderson type. The resistance of Londoners to 
illness is also being reduced by rising food prices 
and rationing, by longer hours and less holidays. 
Moreover, bombing constitutes a direct threat to 
health through damage to water-mains and sewers, 
leading to risk of the dissemination of typhoid and 
paratyphoid fevers. The interruption of services 
such as water, gas and electricity leads to lower 
standards of cleanliness and personal hygiene. 

The impairment of individual resistance in ways 
such as these, coupled with the depletion of health. 
services by withdrawal of personnel or com- 
mandeering of premises, is likely to lead to un- 
usually widespread dissemination of air-borne 
infections, especially coughs and colds, influenza 
and pneumonia, streptococcal infections and 
cerebrospinal fever. Up to the end of 1949, the 
condition of London in respect of air-borne in- 
fections was generally satisfactory. None the less, 
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abatement of overcrowding by providing mop 
shelter space and air per person, disinfect ing th. 
air and mechanical obstruction of the disseming. 
tion of respiratory ‘droplets’ by the use o! mouth 
masks are measures which should be encouraged, 

Besides such measures in the shelters, tlh ere arp 
broader measures of combating infection. Regis. 
tance to infection could be built up by measures 
of mass immunization as well as by protective 
foods and adequate rest, and the chances of jp. 
fection should be minimized by intercepting jn. 
fectious cases before they reach the public shelters, 
as well as by detecting infectious cases in the 
shelters and isolating them as quickly as possible, 
The importance of communal feeding in main. 
taining individual resistance under these conditions 
is obvious. This question involves close co-opera- 
tion with the Ministry of Food as well as with the 
Welfare Department of the Ministry of Labour 
and National Service. 

The problem of health, like that of evacuation 
or of industrial mobilization, cannot be dealt with 
in isolation. It must be handled against the 
broader background of the national life. The 
needs of the inhabitants of large cities under in- 
tensive air attack cannot be satisfied by having 
regard to their private lives alone. We must take 
into account also their working conditions and the 
conditions under which they travel to their work. 
Communal feeding, and even the Ministry of Food’s 
scheme for supplying meals in London shelters, 
should not be considered entirely without reference 
to industrial canteens, the use of mobile canteens, 
and the exigencies of rationing imposed from time 
to time by the food situation. 

Such complexities as these are responsible for 
the strain which is being placed on administration, 
whether in regard to the maintenance of such 
public services as transport, water, gas or electricity 
supply, and the institution of repairs when needed, 
or in the extent of the resources and ability which 
the present local government units have at their 
disposal. The PEP broadsheet points to one 
conspicuous gap in the field of utilities, namely, 
the absence of organization to deal with salvage, 
particularly commodities, and also stresses the 
need for some greater sharing of disposable 
revenues in the London boroughs. More effective 
linking of regional and local executive officers is 
also clearly required, and there has already been 
a marked tendency to rely on regional administra- 
tion where local administration has proved in- 
effective. 
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The broadsheet shows very clearly the impetus 
to regionalism which the impact of bombing on 
London has given, and the opportunity for general 
reorganization which has been provided. Continu- 
ous research into such problems might well lead 
to an effective combination of regionalism with 
democratic devolution of responsibility. Any 
breakdown of traditional social arrangements, 
notably the medical services, and the finance of 
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local government, should lead to their radical over- 
haul. The decentralization of industry and public 
administration may have a profound effect on the 
future economic and social structure of Britain, 
while the part played by the civil population in 
defence of their homes and work-places expresses 
a conception of public service which~should find 
a permanent place in the national life of the 
country. 


SUICIDE OF THE HUMANITIES 


To Hell with Culture 

Democratic Values are New Values. By Herbert 
Read. (The Democratic Order, No. 4.) Pp. 64. 
(London : Kegan Paul and Co., Ltd., 1941.) 1s. net. 


HIS may not seem an appropriate place to 

review @ book in which the word science is 
never mentioned, and from which the very con- 
ception of scientific activity is totally absent. But, 
as recent correspondence in NaTuRE has shown, 
many men of science feel themselves a part of the 
cultural tradition of our civilization, and they 
cannot be expected to remain unmoved at the 
spectacle of so respected a critic as Mr. Read 
committing Aara-kiri in the name of culture as a 
whole. At least they may look to their spiritual 
pharmacopeia to see if there is not some remedy 
which they can prescribe for the patient. 

Mr. Read has little difficulty in demonstrating 
that ‘culture’, in the conventional sense of painting 
easel pictures and writing poems, is in a bad way, 
and has degenerated into a mere decorative veneer 
plastered over the realities of our daily lives. Men 
of science, however, will be tempted to point 
out that our civilization is now dependent on 
scientific techniques at every point, equally in the 
most fundamental matters such as food-raising and 
in the most superficial titbits such as the colours 
of ladies’ lips, and that a culture which forgets its 
scientific components is obviously foredoomed to 
evaporate into hot air. It is perhaps because Mr. 
Read does uncompromisingly omit any reference 
to scientific thought that his suicide is so clearly 
‘while of unsound mind’. | 

He begins by defining democracy as being the 
realization of the three fundamental tenets of 
communist economics: production for use, from 
each according to his ability, to each according to 
his needs, and the ownership of industry by the 
workers. This may be rather like defining a rose 
as a heavy soil and plenty of farmyard manure ; 
but let that pass. He proceeds to his most valuable 
and profound point, that a living democratic 


culture is an attitude of mind which permeates 
and fertilizes every activity of every individual ; 
it is not a thing apart, to be tasted only on Sunday 
afternoon excursions to the museums, but is a 
flame perpetually burning in the mind. A valid 
culture, he says, must be there in the fingertips of 
a potter as he throws an ordinary beer-mug on the 
wheel ; it is an example to catch the imagination 
of the Neolithic craftsman rather than of our 
present industrial proletariat, but the point it is 
making is one which must be the very basis of a 
modern democratic civilization. 

There is here, surely, a promising line of attack 
on one of the problems facing men of science 
to-day, namely, how far they should tuke up 
definitely political or administrative work. From 
a long-term point of view at least, the mode of 
operation of a cultural activity such as science 
should be through its influence on the general out- 
look and presuppositions of the ordinary man. 
The social function of a good man of science is not 
to become a bad administrator, but to encourage 
and direct the scientific interests of his fellow 
citizens, from politicians to washerwomen. 

When Mr. Read attempts to show concretely 
what the inspiration of culture would mean in 
daily life, he produces only an out-and-out func- 
tionalist theory of esthetic value. But is this ever- 
present culture really no more than an attention 
to function ? A bronze Han amphora holds no 
more wine, and holds it no better, than the crudest 
Brummagem jug. Without claiming to have any 
special qualifications of esthetic training, one may 
wonder whether the motor-cars which Mr. Read 
finds so satisfactory have any more claim to beauty 
than a fashionable ‘Vogueish’ elegance. Efficiency 
is an ingredient in beauty, perhaps even a pre- 
requisite for its creation. The invention of the 
internal combustion engine made it impossible to 
go on designing the most beautiful vehicles yet 
made by man, the Victorian hay waggons and 
carriages, just as the steam engine put the clipper 
ship into the category of an out of date genre. A 
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living culture must value efficiency, which to-day 
means valuing science ; but it is not enough to 
pay attention only to its sleight-of-hand trickery 
in getting material results. 
The fundamental contribution of science to cul- 
ture, and one whose neglect is most damaging to 
Mr. Read’s argument, is the concept of workable 
compromise. Every scientific theory is a com- 
promise, between those things which it fits and 
accounts for, and those which it does not. The 
attitude of the man of science to it is a compromise, 
@ mere suspension of disbelief. His most powerful 
logical weapon, as Hardy has recently pointed out, 
is the beautiful and subtle method of reductio ad 
absurdum, in which an uncompromising logical 
argument is allowed to destroy itself. It is a 
technique of thought which cannot be avoided 
in any system with an empirical reference ; 
nothing is more absurd than a perfectly logical 
theory which does not produce the right answers, 
and nothing more useless. Other cultural 
activities, such as painting and writing, do not 
suddenly find Mother Nature pouring on their 
heads a jug of real, and very cold, water. They 
can carry theories to their logical conclusions, and 
there is no one to laugh. In the last twenty years 
they have done so in almost every field. The study 
of formal design had already by 1918 been carried 
to the point where Rodchenko and Malevitch were 
painting white shapes on a white background ; the 
study of pictorial association led Masson and some 
of the Surrealists to paint by automatic writing ; 
and Hugo Ball and the poets of ‘““Transition”’ wrote 
in purely nonsense syllables. 

Men of science, who after all spend most of their 
time being incomprehensible to their fellow citizens, 
cannot object to incomprehensibility in the arts. 
But in a scientific theory the ‘difficult’ theoretical 
statement is merely an intellectual compromise 
with a stubborn body of facts, and is given up if 
it is reduced to absurdity by failure to give a 
tolerably complete account of them. Culture in 
recent times seems to have copied the boldness of 
science in introducing queer notions, but not the 
tentativeness with which science advances them. 
Mr. Read, in fact, adopts the fashionable view that 
a reductio ad absurdum is a good thing in itself, not 
a ground for rejecting a theory but a proof that 
the analysis has been made on the right lines and 
has revealed the ‘contradiction of opposites” 
which is supposed to lie at the heart of every 
phenomenon. This theory, which is often passed 
off as Marxist thinking (perhaps rightly, but that 
is @ matter for the exegetes), is itself the exag- 
geration to the ultimate extreme of the valuable 
scientific technique of analysis in terms of com- 
peting processes. Since it postulates a conflict 
which cannot be reconciled within a single frame- 
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work of causality, but inevitably requires a tr), 
sition to a “higher synthesis”, it leaves one With 
no guide as to what the outcome of @ given sity, 
tion will be, and one can name the winner with , 
free conscience. Mr. Read, for example, points oy; 
the conflict between utility and decoration in ¢, 
design of a beautiful object, shows how the ty, 
considerations are irreconcilable in our pregey 
capitalist world, and then designates utility as ¢), 
sole arbiter of taste in the future. 

Again, and more importantly, he shows how th, 
creative spirit of man is brought to naught by th. 
restrictions of a competitive and monopolist; 
society ; and he demonstrates how this gives rig 
to a rigid distinction between the artist and th, 
workman. His solution is again a runaway wip 
this time for the workman. He envisages a society 
in which there are no specialized artists, but in 
which every individual realizes his full originaljt, 
as an integral part of an all-embracing com. 
munity ; as an example he mentions the medieval 
guilds who built the great cathedrals, though on 
would have been interested to have his account o 
how their overwhelmingly religious preoccupation: 
fit into his theory of the functional basis of beauty 
Such a suggestion could scarcely have been the 
product of the compromising scientific method of 
thought ; and it could scarcely be applied to the 
scientific aspects of cultural activity. Every man 
his own Einstein is a reductio ad absurdum of a 
slogan, if ever anything was. 

The antagonism between freedom to create 
something new, and integration into an ordered 
society, shows every sign of being a permanent 
conflict. It can certainly not be resolved by 
nominating one side or the other as paramount. 
Men of science may perhaps be pardoned if they 
suggest that it is, at the present time, more satis- 
torily dealt with in the scientific field than in any 
other. Science is an ordered whole, not an anarchy 
like literature or painting; but even its most 
cherished tenets can, with considerable but not 
undue difficulty, be upset by anyone who shows 
himself capable of doing so. To transfer this 
solution to other and more general fields of activity 
would. be difficult, but there is no reason, in an 

economics of plenty, why it should be impossible. 
What is necessary is to ensure that a man can 
make enough to live on while doing something 
which most people believe to be mistaken, but not 
ridiculous ; mistaken because it is new, not ridi- 
culous because it is part of an ordered whole. A 
cultural activity which has solved this problem as 
well as science has done still has something to 
offer to the basic notions of civilization, and is 
justified in asking Mr. Read to “include me out” 
of his “To Hell with Culture.” 

C. H. WappineTon. 
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APPLICATION OF ATOMIC THEORY TO SOLIDS 


The Modern Theory of Solids 

By Prof. Frederick Seitz. (International Series in 
Physics.) Pp. xv+698. (New York and London : 
McGraw-Hill Book Co., Inc., 1940.) 49s. 


HE theory of solids is a title which might 

include many branches of science which are 
not treated in this book ; for example, elasticity, 
plasticity and the mechanics of rigid bodies. Its 
subject-matter is more restricted, and can be 
described as the application of the discoveries of 
atomic physics to explain the properties of solids. 
Successful applications have been achieved in 
three main fields : magnetism, the electron theory 
of metals and the electrostatic theory of ionic 
crystals. Especially since the introduction of 
quantum mechanics, each of these subjects has 
had an important influence on the others, and 
this book is the first, so far as I know, to treat 
them all in the same volume. 

In the history of modern physics, it cannot be 
claimed that the study of solids has led to the 
discovery of important new laws such as those 
which have been found through the investigation of 
gases, atomic spectra and fast particles. The pro- 
perties of solids have lent important support, 
however, to principles discovered in other ways. 
For example, Einstein’s discussion of specific heats 
was one of the earliest applications of the quantum 
theory to follow Planck’s treatment of black body 
radiation, and Lorentz’s derivation of the relation 
between electrical and thermal conductivity of 
metals showed the electron to be a constituent of 
solid conductors. More recently, Sommerfeld’s 
discussion of the specific heats of metals and 
Bloch’s of the conductivity at low temperatures 
provided substantial additions to the mass 
of evidence which was marshalled in support 
of the new quantum theory within a few years 
of its formulation. 

It is also true that most of the research workers 
who are working on solids at the present time are 
not doing so with any hope of discovering new 
laws of a fundamental kind. Nobody doubts that 
quantum mechanics is an entirely adequate theory 
to cover nearly the whole field, and that, though 
in the future our interpretation of the symbols 
may possibly change, the equations of quantum 
mechanics are as valid to describe the processes 
of physics and chemistry as those of Newton to 
describe the behaviour of the planets. Where the 
quantum mechanics of to-day breaks down is, as 
we know, within the nucleus, and in dealing with 
very fast particles or with the properties of the 


newest particles such as neutrons and mesons. To 
describe the properties of atoms as they exist in 
solids, it should be just as successful as Newtonian 
mechanics is in astronomy without the refinements 
of relativity. There is, however, one phenomenon, 
of major importance, namely supe rconductivity 
which has hitherto resisted all attempts at an 
explanation, and it is just possible that this is due 
to a defect of present-day theory rather than to 
lack of skill on the part of the theorists. It may 
be that at very low temperatures some small 
unknown term in the interaction between electrons 
influences their properties in this unexpected way. 
But the balance of probability seems to be against 
this; certainly no one has been able to deduce 
from this phenomenon that quantum mechanics 
is untrue. 

The study of solids can therefore only be 
pursued with two worthy ends in view; it can 
be pursued for its own sake, as an esthetically 
satisfying body of knowledge, like the pure 
mathematics of Prof. Hardy’s “Apology”, or it 
can be undertaken because it may help the practical 
men who use solids. Its claims under the first head 
are not entirely negligible, though nothing can, of 
course, be claimed comparable with the exquisite 
rightness of Dirac’s theory of the electron or with 
Einstein’s relativity. But some elegant and 
beautiful work has none the less been done, 
especially since the introduction of quantum 
mechanics. I may mention in particular the 
theory of the motion of an electron in a periodic 
field, with its satisfying explanation of why some 
solids (for example, metals) conduct while others 
do not, and its rather surprising power to account 
for some of the queerer regularities of metallurgy, 
such as the Hume-Rothery rule. 

As a guide and stimulus to the practical phys- 
icists and metallurgists no one will deny that the 
theory of solids is of value. With this end in view, 
it seems to me more worth while to attempt to 
correlate observed phenomena and to give a 
general explanation in terms of atomic physics, 
than to attempt any sort of quantitative explana- 
tion of phenomena so complicated as those that 
occur in solids. In the theory of metals, for 
example, a very simple explanation has been 
given by Wigner and Seitz of how metal atoms 
cohere, and a rough quantitative application to 
sodium made. Further, in a qualitative way the 
difference between sodium and, for example, 
copper or nickel can be understood. But I question 
the value of attempts to improve these theories 
quantitatively ; these attempts are usually not 
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very elegant or pleasing, and are too com- 
plicated to be helpful or suggestive to the 
experimental worker. In fact it seems to me that 
in this field a fact is only worth explaining if it 
can be explained simply ; for example, if a phase 
diagram in metallurgy can be explained by Hume- 
Rothery’s rule or some similar generalization, the 
explanation is worth while, but if it depends on 
some long calculation which balances up the 
energy of one phase against another, it had better 
remain unexplained. 

My only criticism of Dr. Seitz’s book is that this 
does not seem to be recognized ; it is difficult to 
separate the important and suggestive theories 
from the superstructure that has been built on 
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them in the attempt to get quantitative agreemen 
with experiment. The book is very complete - 
the student will have no difficulty in finding oy 
what has been done on any subject. The mogt 
detailed parts deal with Born’s theory of ionic 
crystals, and with the basis of the modern clectrop 
theory of metals, namely, the theory of the 
motion of an electron in a field having the sym. 
metry of various crystals. There are chapters or 
sections dealing with various special applications 
such as luminescence, F-centres, ionic conduction. 
phase transitions and so on. Dr. Seitz is to be 
congratulated on writing a book which, through 
its completeness and reliability, will be of very 
great value. N. F. Morr. 





SCHOOL 
(r) General Physics 


By W. L. Whiteley. Pp. viii+590. (London: 
University Tutorial Press, Ltd., 1940.) 7s. 6d. 
(2) Intermediate Practical Physics 

By T. M. Yarwood. Pp. xii+308. (London: 


Macmillan and Co., Ltd., 1940.) 6s. 


(1) 6 bs aim of this book is to provide a course 

in general physics to the School Certificate 
stage which will enable pupils to build up, on an 
experimental basis, a knowledge of physical 
principles and an appreciation of their importance 
in daily life ; and both author and publisher are 
to be congratulated upon the success with which 
this aim has been achieved. 

The writer has eschewed padding in any form, 
but has not sacrificed interest or become dreary 
in the process. The writing is clear and lucid 
throughout, and the diagrams are ample and 
good; applications and illustrations are dealt 
with, and it is quite remarkable how much has 
been included in his survey. 

The book is very good value; were it not for 
the narrow margins, and the date, one would 
certainly not imagine it to be a war-time produc- 
tion; it is a thoroughly satisfactory and com- 
petent piece of work. 

(2) Mr. Yarwood has furnished sufficient mate- 
rial to provide either a one-year or a two-year 
course in practical physics, the chief aim being 
to deal with experiments that will help the stu- 
dent in his theoretical work after he has passed 
the School Certificate stage. In this the author 
may certainly be deemed successful. He says, 
very well, that though the student in pursuing 
such a course as this does not do any pioneer work, 
none the less the spirit of investigation should 
underlie the practical exercises ; he assumes, very 
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sensibly, that the student will already have had 
some experience of practical work; and, in a 
short introductory section he gives a number of 
useful notes on method, errors of observation, 
accuracy of measurements, calculation of results, 
and graphical work. 

The experiments dealt with include nine in 
properties of matter, nineteen in heat, twenty- 
seven in light, five in sound, thirteen in magnetism, 
and thirty-three in electricity, and among them 
has been found room for the fourth power law of 
radiation, defects of lenses, Newton’s rings, 
Lloyd’s mirror, the frequency of the .c. supply, 
and the thermal emissivity of a wire : such items 
add greatly to the inspirational value of the 
book. 

The reviewer questions the soundness of the 
explanation of Hope’s experiment, given on p. 46. 
Though a belt of ice will form on the inside of the 
can, round the middle, it is extremely doubtful if 
any crystals of ice actually become detached so as 
to be able to rise. It is more probable that cooling 
of the upper part is brought about by progressively 
advancing convection currents. There are also 
two or three slips which might well be rectified as 
soon as opportunity arises. On p. 63, for example, 
the first note is incorrect, as has actually been 
made clear eight lines above; the diagram on 
p. 115 is carelessly drawn, and Note 1 on p. 122 is 
incorrect : the critical angle for glass to air is not 
the one actually measured, but the angle between 
the normal and incident ray at the liquid-glass 
interface which gives rise to total reflexion at the 

glass-air surface : this angle, as is proved, is equal 
to the critical angle for light passing directly from 
liquid to air. These points are not of major im- 
portance, and certainly do not detract appreciably 
from the general merit of the book. B.M.N. 
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Outlines of Structural Geology 
By Dr. E. Sherbon Hills. Pp. ix+172+4 plates. 
(London : Methuen and Co., Ltd., 1940.) 68. 6d. 
HE author of this admirable little book tells us 
that his aim has been to present “a brief, yet 
reasonably complete and well-documented summary 
of structural geology, with special reference to those 
aspects of the subject with which the field geologist 
should be acquainted”. Dr. Hills has been highly 
successful in attaining his object. The chapters deal 
in turn with non-diastrophic structures (for example, 
primary structures of sediments, effects of moving 
ice and subaqueous slumping) ; mechanical principles 
of rock deformation ; major crustai structures ; folds 
(geometry and description, mechanics of formation, 
and associated structures such as joints and cleavage) ; 
faults (nomenclature, description, and associated 
structures, such as slickensides and tension fractures) ; 
structures of igneous rocks (flow, fracture and tectonic 
relationships) ; and finally, petrofabric analysis. 

The last two chapters, giving for the first time 
in an English text-book a and reliable 
account of the results of recent work in two difficult 
but profitable fields of research, will be particularly 
welcomed. Topics such as isostasy and the funda- 
mental causes of diastrophism have been omitted, 
quite properly, in a book of this scope. There are, 
nevertheless, instructive discussions of geosynclines, 
nappes and other alpine structures, and rift valleys. 
In connexion with the last of these, one is glad to 
see full reference to Wayland’s compression hypo- 
thesis and the support given it by Bullard’s gravity 
measurements across the African rifts. Indeed, the 
book is commendably up to date throughout, and 
ample guidance to wider reading is provided by 
numerous and well-chosen references to the leading 


concise 


literature. 
The book is copiously illustrated with very 
clear and well-drawn diagrams and figures, and 


these, together with an effective series of excellently 
reproduced photographs, add greatly to its educa- 
tional value. Both as an introduction to the subject 
and as a sound and balanced review of its present 
status the book can be strongly recommended to 
students, teachers and geologists in general, by all of 
whom it should be highly appreciated. 


Advanced Readings in Chemical and Technical 
German 
From Practical Reference Books; with a Summary 
of Reading Difficulties, a Frequency Vocabulary List 
and Notes. Selected and edited by Prof. John 
Theodore Fotos and Prof. R. Norris Shreve. Pp. 
xliii+304. (New York: John Wiley and Sons, Inc. ; 
London : Chapman and Hall, Ltd., 1940.) 15s. net. 
’T “HE selections for translation given in this book 
have been chosen from seven standard works 
of reference in German, which cover inorganic and 
organic chemistry and metallurgy. No explanation 
is given as to why physical chemistry has been 
excluded, and the omission seems curious. There is 
an introduction giving some points of German 
grammar and construction which would be useful in 


revision. A minimum chemical German vocabulary 
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arranged in numbered order of frequency of occur- 
rence follows. Since physical chemistry is not repre- 
sented in the book, this order is purely accidental 
and of no real value. 

The extracts for reading follow, each with a 
vocabulary and notes explaining points of interest or 
difficulty. These extracts are full of arithmetical 
numbers, but no table of German equivalents of 
these is given, so that anyone reading ‘19,25°” 
would be likely to think of the English rather than 
the German words for this. 

There is no doubt that this book should prove 
useful, although the highly condensed style of the 
works of reference used as sources does not provide 
a representative specimen of the journal literature, 
which is probably consulted to an even larger degree. 


New Style Exercises in Biology 
Part 1: Botany. By F. Whitwam Jones. Pp. 64. 


(London : J. M. Dent and Sons, Ltd., 1940.) ls. 4d. 
- only fer its novelty, Mr. Whitwam Jones’s book 

is worthy of earnest consideration. It consists 0‘ 
a series of detachable pages containing a variety of 
exercises and questions which, according to the 
author, should help the pupil of School Certificate 
standard to confirm, apply and extend the knowledge 
which he has gained during his school] training. As 
an interesting attempt to help pupils to attach 
thoughts to words, the book must be well praised. 
Yet one of the great dangers of instruction of this 
kind would appear to lie in the development of a 
rigid uniformity in the type of apparatus used in 
each school in order to make the student familiar 
with the “‘classic’’ experiments in vogue at the time. 
This would inevitably lead to a sidetracking of 
initiative in teaching method and to considerablt 
restriction in improvization in the devising oe 
experimental material, factors which are of the 
greatest importance in the progress of good science 
teaching. 

The idea behind the book is laudable, but is one 
that would appear to bear the richest fruit only if 
applied by the individual teacher each year for the 
pupils in his or her school. A far more serious criticism 
is that Mr. Jones’s teaching seems to be confined to 
biological issues in which the extreme worth of his 
subject in social and human relationships is com- 
pletely omitted. Perhaps this omission is rectified 
in the second part of this book, which is yet to be 
published. Tt. H. &. 


French-English Science Dictionary 
For Students in Agricultural, Biological, and Physical 
Sciences. By Prof. Louis DeVries, with the collabora- 
tion of Members of the Graduate Faculty. Pp. 
viii+546. (New York and London: McGraw-Hill 
Book Co., Inc., 1940.) 248. 6d. 

HIS dictionary of 43,000 entries includes terms 

of agricultural, physical, chemical, geological, 
medical and biological interest as well as many 
literary terms. About five hundred idioms are also 
given. A list of French abbreviations and their 
translation into English is appended. The book 
should be useful to all students of science. 
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RESEARCH IN CANADA 


By LiguT.-GENERAL A. G. L. McNauGurTon, C B., C.M.G., D.S.O. 


FORMERLY PRESIDENT, NATIONAL RESEARCH COUNCIL OF CANADA; GENERAL OFFICER 
COMMANDING IST CANADIAN Corps OVERSEAS FORCES 


THE NATIONAL R&sEARCH COUNCIL 

4 be E organization of research in Canada as a 

function of government dates back to 1916, 
when an honorary Advisory Council for Scientific 
and Industrial Research was set up. It was not 
contemplated at that time that this Council 
would establish laboratories of its own; it was 
to act as an agency for consultation and co- 
ordination between those already carrying on 
research in the existing laboratories of the several 
departments of the Dominion and Provincial 
Governments, in the universities, and in industry. 

A report prepared at the time indicates that 
the total annual expenditure on research in all 
governmental laboratories, both Dominion and 
Provincial, amounted to considerably less than 
100,000 dollars ; and that of some 2,400 leading 
Canadian firms engaged in manufacturing who 
replied to the questionnaire, only 37 had laboratories 
which even pretended to engage in research. 

As .a result of the pressure of public opinion 
concerning these limited facilities, the matter was 
repeatedly considered in Parliament, and, even- 
tually the Research Council Act was passed i 
1924. 

The Council’s main laboratories, situated at the 
junction of the Ottawa and Rideau Rivers, were 
commenced in 1930 and opened at the time of the 
Imperial Economic Conference in 1932. 

By 1939 the Council’s annual budget on current 
account was somewhat more than a million dollars. 
Meanwhile an even more striking increase had 
taken place in the facilities in Canadian industry 
itself, and by 1938 it is estimated that these com- 
prised upwards of 1,000 industrial laboratories for 
research, testing and plant control, with some 
2,500 professional workers employed full time. 
Similarly in the Dominion Departments of Agri- 
culture, of Public Works, of Mines and Resources 
the last two decades have seen the creation of a 
number of research and testing laboratories related 
to their special functions and duties, all of which 
represent a very substantial asset. Elsewhere the 
most notable addition was the Ontario Research 
Foundation, which operates in the most friendly 
relations with the National Research Council. 

In 1938 provision for a further large group of 
laboratories to provide the Council with additional 


- * Substance of a paper read before the Royal Society of Arts on 
ay 13. 


facilities, particularly for aeronautical engineering, 
hydraulics and high-voltage electrical engineering, 
was sanctioned by the Government. Coxstruction 
was started in 1939, and is now advanced to the 
point that in some cases the buildings are jp 
occupation. 

As a result of these measures, at the outbreak 
of the present War, Canada had the laboratories 
and trained staffs competent to act as a nucleus 
in undertaking the study of the problems pre. 
sented in almost every field of war requirements 
both within the sea, land and air forces themselves 
and ‘also in the industrial life of the country as it 
had to be re-oriented to produce the vast and 
complicated supplies needed in transition from a 
peace to a war basis. 

But the adequacy of physical equipment and 
technical staff is only one side of the question, and 
what is probably equally important as an asset is 
the organization of the Council itself as a going 
concern, and the intimate relations which had 
been developed with every branch of science in 
Canada—with universities, with industry, with 
departments of the Dominion and Provincial 
Governments concerned with research problems, 
with the great professional societies in medicine, 
engineering, forestry, etc., with the Canadian 
Engineering Standards Association in the field of 
industrial standardization, and many others. 

The National Research Council consists of 
fifteen members selected for terms of three years 
from among men prominent in scientific work in 
Canadian universities or in Canadian industry. 
The Council is required by statute to meet at 
least four times annually in Ottawa. There is a 
president, appointed by the Governor in Council 
for a term of years, who reports directly to the 
Privy Council Committee on Scientific and Indus- 
trial Research of which the Minister of Trade and 
Commerce is the chairman. The office of president 
is now filled by Dean C. J. Mackenzie, professor of 
civil engineering in the University of Saskatchewan. 

Apart from administration, which is organized 
much on the usual lines of a department of 
Government, the staff of the Council is grouped 
in a number of divisions each under a director. 

The Divisions of Physics and Electrical En- 
gineering, Chemistry, Mechanical Engineering in- 
cluding Hydraulics and Aeronautics, Biology and 
Agriculture are responsible for the direction and 
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conduct of the technical work in the fields 
indicated by their designations. There is a Section 
on Research Plans and Publications concerned 
with the collection, collation and issue of scientific 
information and with the general development of 
co-operative investigations through committees, 
ete. There is also a Section on Codes and Specifi- 
cations, matters which are in the highest degree 
important in relation to mass production in war. 
Provision is made for the closest co-operation and 
collaboration between all branches concerned in 
any particular problem. 

One of the great advantages possessed by an 
organization such as the Council’s own laboratories 
with their comprehensive representation of all 
branches of science is that experts in every line 
required can be brought together at short notice 
to study a problem and to work as a team for its 
solution. This facility is very important, for in 
most research problems related to industrial or 
agricultural production or processing we are usually 
confronted with limiting factors of many kinds, 
and it is not easy in advance to determine in which 








branch of science the answer should be sought. 
For example, in a recent study of the cold storage 
of chicken which had developed a defect called 
‘freezer burn’, which spoiled the appearance and 
marketability of the birds, the work started in the 
hands of biologists and mycologists on the sup- 
position that a fungus was involved ; then chemists 
were required to study the breakdown products, 
and in the end the answer was found to lie in the 
very precise control of humidity at low tempera- 
tures-—a solution contributed by the physicists and 
engineers. 


ASSOCIATE COMMITTEES AND CO-OPERATIVE 
RESEARCH 

In order to bring to bear the knowledge of 
scientific men in other institutions and in industry 
and to correlate the work of research in all organiz- 
ations concerned, a number of so-called Associate 
Committees have been set up. The function of 
these Committees is to direct co-operative research 
on the problems assigned to them ; to settle the 
objectives ; to indicate the individuals or organiz- 
ations which should undertake the several com- 
ponent parts of the inquiry; to receive and 
co-ordinate the resulting information; and to 
make it available to those who will turn it to 
advantage. 

The Council endeavours to ensure that these 
Committees are comprehensively representative of 
all interests and we expect them, each in their 
proper sphere, to form a national plan into which 
all who are in a position to contribute information 
can fit their own particular lines of research. The 
actual investigations are carried out, not only in 
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the Council’s laboratories, but also in the labora- 
tories of the various universities, Government 
departments and industrial institutions throughout 
the country ; also much of the initiative in these 
Committees lies with the outstanding experts from 
other organizations who have associated them- 
selves with the Council in this work. 

Time does not permit me to recite to you the 
long list of these associate committees or to go 
into, in any detail, the important tasks which 
they are carrying out for Canada. But, in order 
to carry some picture of the wide range of work 
involved, I would, however, by way of illustration, 
like to mention one or two in several diverse 
fields. 

In agriculture I would mention the Committees 
in charge of Grain Research and of Transport and 
Storage of Food; these, both by reason of the 
great importance of the subjects and also on 
account of the very substantial results which 
have been achieved in comparison with the trifling 
expenditures of money which have been made. 

The Grain Research Committee is a co-operative 
organization with the Department of Agriculture, 
on which the western grain growers, provincial 
agriculture departments, plant breeders, etc., are 
represented. It has developed new varieties of 
rust-resisting wheat, and these have been 
thoroughly tested, not only from the rust-resisting 
point of view, but also for their milling and baking 
qualities. We have every confidence in them and 
they have now been multiplied and the seed made 
available in considerable quantities for use in the 
areas where rust is most likely. Canada has 
suffered losses due to rust alone of 100,000,000 
dollars in a single season. If we can take that 
element of hazard out of the grain-growing 
business it tends to put it on a better basis and 
gives some increased assurance to the farmer as 
to what he will reap when he has sown. 

With Canada’s mounting surpluses in wheat 
which she could not market. in consequence of 
the changing policies of European countries 
towards self-sufficiency in growing their own grain, 
she has had to turn the attention of her farming 
committees more and more to livestock and 
poultry, and the work of the Committee on 
Transport and Storage of Food, another joint 
undertaking with the Department of Agriculture, 
has extended all the way from detailed investiga- 
tions of the Canadian ports to determine plans 
for the cold-storage facilities needed for this trade 
to the conduct of a bacon survey in the United 
Kingdom. 

In forestry, I would mention the Committee 
organized in co-operation with the Forest Service 
of the Department of Mines and Resources. This 
Committee has concerned itself with such matters 
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as the study and mitigation of forest hazards, 
through fire, insects and other pests; with the 
preparation of a manual giving advice as to the 
management of the ‘farmer’s woodlot‘, a most 
important source of raw material. This manual 
is now in general use in the Maritime Provinces 
and Quebec. 

Perhaps the most interesting project is con- 
cerned with tree breeding, which a few years ago 
would have been deemed a fantastic enterprise 
because of the hundreds of years which would 
have been required to bring into existence a new 
tree species and fix its characteristics ; but now 
we have colchicine, a drug which, administered to 
a plant shortly after pollination, causes a very 
great increase in the varieties or sports to occur 
in the next generation, thus giving wide scope to 
the plant breeder for selection. Nothing occurs 
which would not otherwise occur naturally, but 
you may get, if you are fortunate, in a single small 
plot, in a single season, a multiplicity of varieties 
which otherwise would take years of patient work 
to collect. 

Another interesting line of research which is 
being developed by this Committee is the vege- 
tative reproduction of desirable species through 
the use of plant hormones, a number of which 
were first synthesized and introduced to science 
from the chemical laboratories of the National 
Research Council. 

These very remarkable substances in minute, 
almost microscopic, doses have the property of 
stimulating root formation. By treatment with 
these hormones, cuttings of plants, which otherwise 
would normally not root, can often be induced to 
do so. One important use of this technique is 
in the reafforestation of areas where the trees have 
been destroyed by some pest like the white pine 
blister rust. Even in the worst areas some trees 
survive due to some natural inherent resistance. 
Cuttings from these trees are taken, treated with 
hormones, rooted and grown in the nurseries as 
planting stock. These young trees have all the 
natural heritable characteristics of the original 
tree from which they came and thus are immune 
to the disease in question. 

I could continue with examples of the work of 
many other associate committees in the fields of 
medicine, chemistry, physics and engineering ; of 
the detailed and exacting work carried out by 
joint committees with the Department of Finance 
in the preparation of a National Building Code for 
Canada which is now, despite the War, in process 
of publication and which should bring order into 
a situation which, under the conflicting jurisdic- 
tions of municipality, province and dominion had 
become most seriously confused to the disadvan- 
tage of the public. 


NATURE 





May 24, 1941, vor 147 


I would just like to record my tribute to the 
co-operating institutions and to the hundreds of 
men and women with special scientific or industria) 
training and experience who, without any jp. 
muneration whatever, have associated themselves 
with the Council in this work and out of whose 
collaboration many important and useful develop. 
ments have been and are being brought to 
successful conclusion. 


ASSISTED RESEARCHES 


In order to make use of the facilities for research 
which exist in a number of Canadian universities 
and to encourage their further development, the 
Council in the early years of its existence instituted 
a system of assisted researches through which the 
professors in charge could be given financial assis. 
tance for the provision of needed apparatus, 
laboratory help and similar out-of-pocket expenses 
other than their own salaries. 

Applications for these are most sympathetically 
considered ; much useful work has been accom- 
plished of value both for the new knowledge 
secured and, perhaps even more important, for the 
training given to the workers. 


SCHOLARSHIPS 


Another aspect of the Council’s concern with the 
training of research workers is represented by the 
scholarships which each year are awarded to some 
seventy or more post-graduate students. These 
are tenable at Canadian universities or, in special 
cases, abroad. Through these scholarships which 
are being given year by year in increasing numbers, 
in addition to providing the needed supply of 
highly trained research workers, a deliberate 
attempt has been made to assist the building up 
of the post-graduate schools in the Canadian 
universities. 


ENCOURAGEMENT OF RESEARCH IN UNIVER- 
SITIES, ETC. 

While the National Research Council has itself 
a number of very well-equipped laboratories in all 
lines, yet there has been no attempt to monopolize 
research ; in fact, the very opposite, for it has long 
been realized that for the safety of the nation 
against peace-time industrial competition, let alone 
to meet the needs in war, you can never have too 
much research. 

In Canada the difficulties are particularly acute 
for, as is well known, most of her principal in- 
dustrial companies have affiliations with larger 
organizations abroad to whom there has been a 
natural tendency to refer any research problems 
that arise from time to time. It is often very 
difficult to examine these problems completely 
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apart from the special environment in which they 
have come to attention and the solutions proposed 
are often, therefore, inadequate, and, both on this 
ground and on account of delays, very heavy losses 
are involved. 

A more serious loss is due to the fact that 
without a corps of trained investigators on the 
spot, the needs of the situation are not fully 
appreciated and many opportunities for useful 
inventions and developments are missed or unduly 
delayed. 


RESEARCH INFORMATION AND INTERNATIONAL 
AFFILIATIONS 

In peace-time, in order to maintain contact with 
research work going on all over the world, the 
National Research Council maintains membership 
in the principal international scientific conferences 
and meetings, arranges for Canadian representa- 
tion where required and collects in its library in 
Ottawa for reference, copies of all papers, pro- 
ceedings and other information of importance. 
This is made available as desired to Canadian 
workers. 

For many years also the Council has maintained 
the closest possible contacts with the Department 
of Scientific and Industrial Research and the 
British Standards Institution in Great Britain. 
These contacts were much strengthened and 
developed by the Imperial Conference of 1930 and ‘ 
the Imperial Scientific Conference of 1936 and 
again in August 1939, on the occasion of the visit 
to Great Britain of a representative group of 
Canadian manufacturers who had come to Great 
Britain to familiarize themselves with the needs of 
war-time industry so that Canadian production 
could be directed to those articles which would be 
most required and most useful. 


War-TIME DEVELOPMENTS 

So far as war-time developments are concerned, 
I am under the difficulty that no specific informa- 
tion which would be of value to the enemy can be 
disclosed, so I have to content myself with a few 
illustrative statements which must be rather 
general in character. 

First, as regards finance, the funds placed at 
the disposal of the Council for the current year by 
votes from Parliament and grants-in-aid from the 
Naval, Land and Air Forces in the Department of 
National Defence are some fivefold greater than 
for the last pre-war year. In addition the Council 
and its technical staff will be responsible for the 
scientific and technical organization and advice in 
connexion with other projects not directly ad- 
ministered, which will involve about twice to three 
times as much again. 

Further, in order to provide some measure of 
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elasticity in the finances of the Council, a number 
of Canadian corporations, large and small, and 
private individuals have joined together to estab- 
lish a trust fund of much more than a million 
dollars, with more available if required. The 
committee in charge has been enjoined by the 
donors to make it its business to ensure that no 
worthwhile project of research, related to the war 
effort of Canada, which is sponsored by the 
National Research Council, should be delayed or 
hampered by lack of money. In this public-spirited 
group the mining industries of Canada have, as 
usual, been conspicuous for their generous support 
of research. Another example of the assistance 
received from this source is the support given to 
the Canadian Corps in the organization and equip- 
ment of their tunnelling companies. One of these, 
as is well known, is now at Gibraltar making 
effective use of the modern machinery presented by 
the Canadian mining industry. The other Company 
is using similar equipment in Great Britain. 

What is, in effect, a further additional expansion 
of the Council’s activities is represented by 
Research Enterprises, Ltd., a wholly owned 
Government corporation which has been set up 
by the Canadian Ministry of Supply primarily to 
produce for the armed forces and for industry, 
inventions and apparatus which had been devel- 
oped in the Council’s laboratories. Already, 
optical instruments, including gun sights and 
range finders, radio gear and similar articles, are 
in production in the large new factory which has 
been erected, and very shortly the company will 
be turning out its own supplies of optical glass in 
quantity. 

Thus a small nucleus established in the optical 
and radio laboratories in the years before the War 
has been given substance and developed into a key 
industry of essential importance for our war effort. 

The Council’s Metrology Laboratories are another 
example of a small but effective nucleus which 
has been expanded to large dimensions to care for 
the standardization of the vast numbers of gauges 
necessary in the munitions industry. 

In the field of radiology, special attention has 
been paid in the Council’s laboratories for many 
years to the examination of castings, particularly 
those in light alloys required to carry stress in 
aircraft construction. Working with the producers 
the technique of making sound castings had been 
developed before the War to a high degree of 
perfection, and the knowledge of this art is now 
proving of great value to the Canadian aircraft 
industry. 

X-ray photographs up to 600 kv., which is suffi- 
cient to penetrate several inches of steel, can be 
taken. For greater thicknesses a plentiful supply 
of radium is available by reason of the fact that 
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the bulk of the world’s new supply derived from 
the mines at Great Bear Lake and refined by the 
Eldorado Company at its Port Hope plant comes 
to the Council for test and certification. 

Turning to another of many fields, I would like 
to mention the very important programme which 
has been initiated by the Committee on Aviation 
Medicine under the chairmanship of the late Sir 
Frederick Banting. It was on the business of this 
Committee that Sir Frederick was proceeding to 
England when he lost his life in a flying accident 
(see NaTuRE of May 3, p. 535). 

All this great range of work of which I have been 
speaking is going forward in Canada in the closest 
sympathy and understanding both with the 
authorities in Great Britain and also with our 
mutual friends and colleagues in the United 
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States. In order to help in the maintenance of 
effective contact the British Government hy 
established a Scientific Liaison Office with th 
Council in Ottawa and we have been privileged tg 
receive first Prof. R. H. Fowler and more recently 
Sir Lawrence Bragg. : 

At the present time a number of the senior 
members of the National Research Council! are in 
England to familiarize themselves with the lates, 
methods and requirements so that work in Canada 
may be kept related to problems of immediate 
practical importance. 

There is a constant flow and interchange of 
workers and the various problems are taken up as 
available facilities best indicate. Needless to say, 
there is no delay or reservation in making the 
results available for application and use. 





TERCENTENARY OF NEHEMIAH GREW (1641-1712) 
By Dr. AGNES ARBER 


yt psoas GREW will always be held in 
honour by botanists as the co-founder 
with Marcello Malpighi of the science of plant 
anatomy. It is true that in his ideas about plant 
cells he did not advance much beyond Robert 
Hooke, who, in 1665, figured and named these 
units; but, as regards knowledge of vascular 
structure, the position is very different. Grew 
and Malpighi not only initiated the study of the 
bundle system of the flowering plant, but also 
carried it to a surprisingly high level, considering 
that they had to start from the very foundations. 
Grew’s first book, “The Anatomy of Vegetables 
Begun” (1672), contains the earliest printed 
illustration showing vascular bundles as seen in 
section under the microscope. He followed up this 
work in 1673 and 1675 by treatises on the detailed 
anatomy of roots and of stems. Finally he brought 
all his results together, in 1682, in a splendidly 
illustrated folio, “The Anatomy of Plants”, which 
included improved second editions of his first three 
books, as well as much additional matter. The 
excellence of Grew’s botanical morphology and 
anatomy has been recognized fully ; indeed his 
reputation in this line is deservedly so great that 
it has tended to overshadow the other facets of 
his output. It seems worth while, therefore, in 
this, his tercentenary year, to direct attention to 
certain less specialized aspects of his scientific work. 
Grew’s general attitude towards biology cannot 
be understood unless one realizes how deeply he 
was committed to a mechanistic view of the 
universe. It seems likely that Hooke, and also 
Descartes, had to some extent turned his mind in 


this direction, though in the seventeenth century 
such ideas were so much in the air that it is scarcely 
necessary to look for specific sources. It was 
owing to the mechanistic viewpoint of that period, 
that the microscope, for example, was hailed as 
an instrument which was destined to clear away 
all inconvenient mysteries. Hooke hoped that by 
the help of glasses “we may perhaps be inabled 
to discern all the secret workings of Nature, 
almost in the same manner as we do those that 
are the productions of Art, and are manag’d by 
Wheels and Engines, and Springs, that were 
devised by humane Wit”. Grew enlarges upon 
this analogy between the world and a man-made 
machine, and seems to find it entirely satisfying. 
He says that “all Nature is as one Great Engine 
made by and held in” the hand of God. He regards 
this engine as having been set in motion by the 
Great First Cause, to which all subsequent effects 
can be traced back ; he considers that the original 
causation was all that was necessary, and that, in 
the normal course of events, no subsequent inter- 
ference has occurred. “And as it is the watch- 
maker’s Art,” he says, “that the Hand moves 
regularly from hour to hour, although he put not 
his finger still to it : so it is the demonstration of 
Divine Wisdom, that the Parts of Nature are so 
harmoniously contrived and set together as to 
conspire to all kind of natural motions and effects 
without the extraordinary-immediate influence 
of the Author of it.” 
This particular philosophy led Nehemiah Grew 
to regard it as a pious duty to discover a mechan- 
istic “cause” for each phenomenon ; he defines 
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“an intelligible account” as “such as is grounded 
upon the Notions of Sense, and made out Mechan- 
ically”. This mental bias gave him an over-simpli- 
fied conception of causation, and a ‘“‘cause’’ became 
to him almost something tangible and visually 
imageable. He thought that “one property 
agreeing to divers Vegetables should have one 
cause : for although the scope and end may vary, 
yet the cause, as it is the cause of that property, 
must be one”. His reasoning thus induced him 
to underestimate the fog of obscurity which 
always pervades the realm of causes, and which 
was even more impenetrable in those days, when 
biochemistry and biophysics were non-existent. 

Grew was perennially sanguine, and he was apt 
to believe that he had succeeded in solving pro- 
blems of causation before which the boldest spirits 
might quail even to-day. As an example we may 
take his answer to the question of why certain 
elements of plant tissues are elongated and cylin- 
drical. “Succiferous Vessels,” he says, ‘from their 
Sal Alkali grow in length ; for by that dimension 
chiefly this Salt always shoots. . . . And as by 
the saline Principles the Vessels are long, so by 
the oleous . . . they are Cylindrical” ; if it were 
not for the “‘oleous Principle” they would be flat 
or angular, “as all saline Shoots of themselves are, 
as those of Alum”. The striking feature of this 
explanation is not that it happens to be in itself 
a failure, but that Grew at that early date should 
have made such a valiant effort after a causal- 
mechanical interpretation of form. 

Grew’s mechanistic theory of the universe had 
the very great advantage that it opened his mind 
to the mathematical aspects of biology. In 1620 
Francis Bacon had lamented that “Nothing in 
Natural History is found to be . . . numbered 
up, nothing Weighed, nothing measured”, and 
Nehemiah Grew, in his catalogue of the Royal 
Society’s museum, published more than sixty 
years later, reiterates the same complaint ; for 
after noting that in his descriptions he had 
included the “just Measures”, he adds, “Much 
neglected by Writers of Natural History”. 

Grew certainly took great trouble to give the exact 
dimensions of the specimens he studied, and many 
of the plates in this book are accompanied by a 
line divided into inches to show the degree of 
reduction of the drawings. Elsewhere he made the 
suggestion that the figures in herbals ought all to 
be “drawn by one Scale ; or at most, by Two ; one 
for Trees and Shrubs; and another for Herbs’’. 
He realized that, for general descriptive purposes, 
words of more exact connotation than the ‘‘great” 
and “small’’, of the usage then current, were 
needed ; he proposed that leaves 5 in. or more in 
length should be called “great” ; 1-5 in., “mean” ; 
and 1 in. or less, “small’’. 
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When objects of very small size were in question, 
the biologists of the seventeenth century were 
faced with the difficulty of not having any adequate 
standards of measurement. For lack of these we 
find Grew using such terms of comparison as 
“about 4th part as big as a Cheese-Mite’’, or “the 
breadth of a Marsh-mallow-Seed or little Spangle’’. 
From a twentieth-century point of view, units of 
this kind may seem wholly unscientific, but when 
people are forced to use them, in the absence of a 
more advanced technique, a certain degree of 
accuracy can be achieved. We may recall 
that, when the original pennyweight was 
defined in terms of grains of wheat, an effort 
was made to secure uniformity in the grains. 
A grain of sand, again, sounds to us now 
far too indefinite to be treated as a standard 
but Dobell has shown that Grew’s contemporary, 
Leeuwenhoek, had in mind a grain of about ;4, in. 
in diameter, when he spoke of a “fine sandgrain’’, 
while a “coarse’’ grain was about 4 in. In the 
case of objects seen through the microscope, the 
difficulty of size-recording was even greater. Grew 
observed, for example, that the vessels of roots 
showed a range of about twenty degrees in size, but 
he had no means of assessing these degrees individ- 
ually, and all he could say was that “Some [vessels] 
in the Vine, being of the greatest Size ; appearing 
through a good Glass, at least one third of an Inch 
in Diametre”. Grew indeed even resorts to 
the still more unsatisfactory expedient of naming 
some object the size of which was recalled by 
the size of the image as he saw it in its magni- 
fied form. For example, he describes the spore- 
case of the hart’s-tongue fern, when seen through 
“a good Glass’’, as being “‘about the bigness of a 
Cherry-stone”’. 

Grew not only tried to give measurements for 
the objects he describes, but he also recognized that 
“The Arithmetick of Nature is every where suitable 
to Her Geometry’’, and that the parts of the plant 
are “as punctually, for their Place and Number, 
composed together ; as all the mathematical Lines 
of a Flower or Face’’. Inspired by such ideas, he 
made an attempt to work out a mathematical 
description of leaf shape, on the theory that “all 
Regular Leaves, are defined or measured out by 
Circles; that is, by the Arches or Segments of 
several Circles’. He thought that the length of 
the leaf was “the Standard Measure for the 
Diameters of these Circles ; these being either its 
ull length, or certain equal parts subtracted, or 
multiplied”. As, on the showing of his own 
figures, it required seven circles to define the 
simple leaf shape of the Cornelian cherry (Cornus 
mas L.), and as, even then, a large part of the out- 
line failed to coincide with any of the circles, the 
whole scheme obviously broke down as soon as it 
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was applied. Grew, however, was undoubtedly on 
the right lines in seeking for a mathematical expres- 
sion for a physical phenomenon. He could not 
know that science was not yet in a position to help 
him towards answers to the questions set by his 
fertile and indefatigable mind. He was better 
served by current mathematical ideas when he 
came to realize that the permutations and combin- 
ations of a few characters might open up a range of 
differences comparable with the great ‘Variety, a 
few Bells, in the ringing of Changes, will produce’’. 
In discussing the tastes of plants, to which great 
attention was then paid as affording clues to their 
medicinal virtues, he gave a table showing how 
many threefold tastes would arise by the com- 
bination of ten simple flavours, each of which 
might be present in at least five distinguishable 
degrees of strength. He calculates that this would 
lead altogether to 1800 “sensible and defineable 
Variations of Taste’’. 

Grew’s appreciation of the importance of the 
virtues of herbs, with which as a physician he was 
much concerned, led him on to chemistry. With 
the aid of an apothecary whom he employed, he 
did a good many detailed quantitative experi- 
ments, setting before himself clear and specific 
aims. As an example we may cite a single one 
from among the problems which he tackled ; he 
asks “whether any Plant growing in a Garden or 
the Field, doth not yield a lesser quantity of 
Lixivial Salt than another of the same kindred 
growing on the Sea-Coast ; and with what differ- 
ence ?” To answer this question he “took Garden 
and Sea-Scurvygrass, of each Ib. 1’’, and found 
that the former yielded “2 Drachms and 1 Scruple ; 


the latter, being well washed, 9 Drachms, which - 


is more than 4 times as much”. 

His view of the world as a mechanism not only 
inclined Grew to mathematical interpretations, 
but it also led directly to his wholehearted adoption 
of the atomic theory. He uses the word “‘princi- 
ples” as synonymous with “atoms’’, which he 
regards as being indivisible, immutable, and of 
divers kinds. He says that “in the self same 
analogous way, as the Letters of the Alphabet, are 
the Principles of Words; so Principles, are the 
Alphabet of Things’. He draws the logical con- 
clusion that, if such unchangeable atoms are the 
structural basis of the world, ‘the Formation and 
Transformation of all Bodies, can be nothing else, 
but the Mizture of Bodies’. 

Whenever Grew grasped an idea, he did not let 
it go uhtil he had wrung from it everything that, 
for him, it contained. The idea of atomicity, and 
the consequent significance of mixture, led him 
to certain conclusions which bore no fruit at the 
time, but which foreshadowed developments in 
science which did not actually come into being 
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until the nineteenth century. One of these develop. 
ments was the production of organic compounds jp 
the laboratory. “‘Art it self”, he says, “may go fap 
in doing what Nature doth. And who can gay 
how far? For we have nothing to Make; by 
only to mix those Materials, which are already 
made to our hands. Even Nature her self. . | 
Maketh nothing new ; but only mizeth all thingy. 
So far, therefore, as we can govern Mizture, we 
may do what Nature doth.” In another passage 
he is more specific about this hope: “we may be 
taught to Imitate the Productions of . . . Vege. 
tables, . . Mueilage, Rosin, Gum. I do 
not say I can do all this: yet if, upon good 
Premisses, we can conclude this possible to be 
done ; it is one step to the doing of it.” 

Another corollary, which Grew derived from his 
notions about atomicity and mixture, was con. 
cerned with the sexual process. Though he had 
never heard ofa nucleus, and could not have had 
any conception of the actual nature of fertilization, 
he anticipated on general grounds the indepen. 
dence of the parental contributions in the fertilized 
egg. He emphasizes that “the most perfect Mixture 
of Bodies, can go no higher than Contact. For all 
Principles [that is, atoms] are unalterable ; and 
all Matter is impenetrable. . . . In the most visible, 
and laze Mixture, there is Contact ; and in the most 
subtile and perfect, as in Generation it self, there is 
nothing more.”’ 

Nehemiah Grew’s philosophy is sometimes dis- 
missed as though it were merely second-hand 
Cartesianism ; but though he was influenced by 
Descartes to some extent, it is doubtful if this 
influence went at all deep. It is significant that 
he parted company with Descartes altogether on 
the question of the structure of the universe. He 
was, as we have just seen, a confirmed atomist, 
whereas Descartes held the view that atoms do 
not exist. 

Grew’s whole personality seems to have been 
so closely integrated that his biological work, and 
his attitude to philosophical problems, were in- 
separably knit together. Great as were his 
specific contributions to the knowledge of plant 
structure, we are at least as much in his debt for 
his analysis of the relation between thought and 
observation, and for his recognition that the 
divorce of the two is fatal to scientific work. In 
his own words: “Thoughts cannot work upon 
nothing, no more than hands ; he that will build 
an house, must provide Materials. And on the 
contrary, the Materials will never become an 
house, unless by certain Rules he joyn them all 
together. So it is not simply the knowledge of 
many things, but a multifarious copulation of 
them in the mind, that becomes prolifick of further 
knowledge.” 
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Sir James Frazer, O.M., F.B.A., F.R.S. 


ITH deep regret we record the death of Sir 

James Frazer, of world-wide fame as the 
author of “The Golden Bough” and many other 
studies of primitive beliefs and institutions, which 
took place at Cambridge on May 7 at the age of 
eighty-seven years. Lady Frazer died within a few 
hours of her husband. 

James George Frazer was born in Glasgow on 
January 1, 1854. After graduating at the University 
ef Glasgow, he proceeded to Trinity College, Cam- 
bridge, of which he became a scholar, and after being 
second classic in 1878, was elected a fellow in 1879. 
He was called to the Bar as a member of the Middle 
Temple, of which he became an honorary bencher 
in 1931. 

Although Frazer’s work in the early years of his 
tenure of his Trinity fellowship continued to be 
devoted to the classics—his earliest publication dealt 
with the Catiline Conspiracy, and he produced an 
edition of Sallust—his thoughts were already turning 
in another direction—towards the subject which was 
to become his main life work, the study of primitive 
religion. This was due in part to the influence of 
E. B. Tylor, whose “Primitive Culture’? opened up 
to him vistas of investigation into the workings of 
the human mind still unexplored, and in part to his 
friendship with Robertson Smith. It was at the 
invitation of the latter, when editing the ninth 
edition of the “Encyclopedia Britannica”, that 
Frazer contributed to that publication the articles on 
“Totemism” (1885) which afterwards was enlarged to 
appear in book form as his first separate publication 
in anthropology (1887). It was also the nucleus from 
which was developed the comprehensive and world- 
wide survey of totemism which.appeared in four 
volumes in 1910 under the title ““Totemism and 
Exogamy”’. 

Even before this book appeared in 1887, anthro- 
pologists had recognized the appearance among them 
of a research worker whose investigations might well 
go far in the advancement of their science. Ira 
discussion which followed the reading of a communi- 
cation on burial customs by Frazer before the Anthro- 
pological Institute and published in the Journal of 
that body (1885), Tylor spoke in high terms of his 
work and his use of the comparative method in 
bringing the customs and rituals of classical antiquity 
into relation with those of primitive and savage 
peoples. This early paper by Frazer on burial customs 
will always have significance for the student of his 
work, for in it will be found the germs of ideas which 
he developed farther and expanded in subsequent 
studies. It was evident that he was then formulating 
the evolutionary concept which underlay his use of 
the comparative method in dealing with that vast 
store of evidence which he drew from every available 
source, whether in the literature of ancient and 
modern times, or from the researches of anthropo- 
logical workers in the field, such as John Roscoe of 


Uganda, Sir Baldwin Spencer or C. G. Seligman, with 
whom he was in constant touch. 

In any attempt to estimate the value and 
abiding quality of Frazer’s work it is important to 
remember that he himself had in view the aim of 
building up by his work as a whole a vast picture of 
the gradual development of the human mind con- 
structed from the interpretation of primitive thought 
and its survivals, which through the conservatism, 
the ignorance and the superstition of the unpro- 
gressive, had hampered human progress. This con- 
ception of the scope and purpose of his work was 
explicitly set forth in a course of lectures delivered in 
later years (““Garnered Sheaves’’, 1931) in which a 
parallel was drawn between the physical and the 
mental evolution of mankind. In his pursuit of this 
objective Frazer gained strength from his ability to 
view religious beliefs and systems objectively and with 
detachment. In this he came near the philosophic 
thought of France, for which he had a profound 
admiration, as was shown in his Zaharof Lecture on 
Condorcet delivered at Oxford in 1933. It was, 
however, Renan with whom was his closest affinity. 
Not only did he deliver a magnificent address upon 
Renan before the Société Renan in 1920, but he also 
gave the address on that thinker before the Presi- 
dent of the Republic and the chief notabilities of 
academic France in 1923 on the occasion of the 
Renan centenary. 

To trace the formative influences which contributed 
to the development of the mental ‘make-up’ of one 
who has, justly, been regarded as one of the greatest 
intellects of his generation is of more than of ephem- 
eral interest. Indeed, it is owing to failure to grasp 
the part played by the evolutionary doctrine in the 
development of Frazer’s thought and the full impli- 
cation of his point of view as a whole, which renders 
much of the criticism levelled at his work, more 
especially that his evidence is divorced from its 
context, wide of the mark. 

The first edition of “The Golden Bough” appeared 
in two volumes in 1890, a second edition in 1900, and 
after the appearance of revised versions of the 
several parts from 1905 onward, the third definitive 
edition in twelve volumes was completed in 1914. 
Additional matter and further evidence was included 
in “Aftermath” (1936). Frazer’s method of working 
was to make an exhaustive collection of evidence 
bearing upon the items in hand, each item being 
copied into note-books under classified headings. To 
these entries he added from time to time as new 
evidence accrued. This practice he continued until 
nearly the end. After his eyesight failed him in his 
eightieth year, he, who had always written his books 
with his own hand, was compelled to make use of the 
services of anamanuensis. The accumulation of fresh 
material in this way necessitated in Frazer’s view the 
periodical issue of new, enlarged and revised editions 
of his major works. 

It was one of Frazer’s most salient charac- 
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teristics and a mark of his greatness of mind, 
that in the true spirit of the exact scientific research 
worker, he never hesitated to abandon a theory or 
hypothesis which further evidence showed to be 
doubtful or untenable. His theories of totemism 
underwent such revision no less than three times. 

The publication of ““The Golden Bough” established 
firmly Frazer’s reputation as an anthropologist. He 
then turned to the completion of his translation and 
topographical study of ‘‘Pausanias’’, which appeared 
in 1898. This work necessitated several journeys to 
Greece, when he became a member of the British 
School of Archeology in Athens, and gathered 
material for many an eloquent passage of scenic 
description in his studies of the religions of the Near 
East. Further classical studies were a translation 
of “Apollodorus” (1920) for the Loeb Classics and an 
edition of the “‘Fasti’’ of Ovid in five volumes (1929), 
in which Roman belief and ritual were illuminated 
by a wealth of anthropological comparison. In the 
early ‘nineties Frazer was also engaged in making the 
selection for his ““Passages from the Bible chosen for 
their literary Beauty and Interest” (1895). It was 
characteristic of his thoroughness that before a 
second edition appeared in 1909, for the purposes of 
this and his studies of Eastern religion he had been 
at pains to acquire a mastery of the Hebrew language. 
These and other kindred studies served as a pre- 
paration for “The Folklore of the Old Testament” 
(3 vols., 1918). 

In 1907 Frazer was appointed professor of social 
anthropology in the University of Liverpool, a chair 
which he continued to hold until 1919. Long before 
the latter year, honours had begun to crowd upon 
him all unsought, for no great scholar has ever been 
more modest in regard to his achievements than 
Frazer. Universities both in Great Britain and on 
the Continent conferred honorary degrees upon him ; 
in 1914 he received the honour of knighthood ; he 
was elected a fellow of the Royal Society in 
1920, and in 1925 the Order of Merit was bestowed 
upon him. He was also a Commander of the 
Legion of Honour and of the Order of Leopold of 
Belgium. 

In the years that followed the War of 1914-18, 
Frazer’s activity was ceaseless and indefatigable and 
so continued almost up to the very end. Studies on 
his customary comprehensive scale on such topics as 
the belief in immortality (based upon his Gifford 
lectures of 1911), the origin of fire, and the like, 
were major occupations, which did not preclude the 
preparation and delivery of numerous lectures and 
addresses, and the revision and issue of several 
volumes of collected papers, An untiring industry 
crowded into a few years what for the ordinary 
worker would have served for a lifetime. 

In 1896 Frazer married Mrs. Lilly Grove, a French- 
woman, and herself an author of versatility and 
charm. Not only did she do much to spread a know- 
ledge of her husband’s work among the general 
public by preparing abridged editions of ‘““The Golden 
Bough” and other books, as well as translating 
or supervising the translation of several of them into 
French, but also by her constant care for his health 
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and well-being she did a great service to the sciengs 
of anthropology. 


Encyclopedic is the only word applicable to 
the work of Sir James Frazer, whether one ha: 
regard to its range or to its sheer amount. It jg 
paying him the highest of compliments to say tha 
among British anthropologists he ranks next to 
Tylor. Now Tylor, apart from the unfair advantag, 
of having come first, founded his new science on 
broader foundations, approaching the subject of 
man biologically, so that his development in respect 
to body and mind alike must be studied in its entirety, 
Even so, he had most to say about man’s most peev. 
liar attribute, his culture, both material and morai, 
as it is embodied in a social tradition ; while he duly 
noted that primitive culture somehow came to 4 
head in a body of notions or superstitions more allied 
to religion than to science as we know them nov, 
Tylor proceeded to explain—one might almost say, 
explain away—this ancestral tendency to invoke 
supra-sensible aids, as applied to the management of 
mundane affairs, in ways that in the main attributed 
reasonable, if mistaken, trains of thought to the 
“primitive philosopher” ; he saw ghosts, hence his 
animism ; he made gifts to them, hence sacrifice, and 
so on. One felt that haif-an-hour’s chat with a 
modern man of science might have rationalized 
human progress from the very start. But the 
Frazerian as contrasted with the Tylorian “savage” 
is a lunatic at large, who yet found his lunacy pay, in 
the supreme sense that nothing pays so well as 
survival. 

“The Golden Bough” introduces us to a topsy- 
turvy world, in which life’s chief values as we civilized 
folk assess them have to be turned upside down before 
they make sense for intelligent and successful persons 
having to wrestle with stone-age conditions. Just 
then, too, Baldwin Spencer reported from Australia 
intimate conversations with primitive philosophers, 
not imaginary but existing in the flesh, who were 
miserably off in all material respects, and yet spiritu- 
ally got an immense satisfaction out of life by com- 
muning with things to which our science denies all 
objective existence. 

Frazer’s account of this preoccupation with a sort 
of dream-world on the part of pre-civilized peoples 
engaged in a life-or-death struggle with untamed 
Nature brings home to all the paradox of this law of 
indirection governing the human effort to live on and 
live well, and“is his main contribution to anthropo- 
logical theory. His wonderful style helped, but of far 
more help is the prodigious wealth of well-authenti- 
cated facts at his disposal. Indeed, he theorized 
half-heartedly, trusting rather to the wholesale thrust 
of the evidence in a direction which never varies. 
There is no attempt to edify. If anything, he was a 
rationalist, impatient of all this leaning towards the 
fantastic—which is the imaginative or the imaginary 
as you please—on which our race has hitherto been 
prone to rely. But he had the respect of the true 
man of science for his data. If this truly was so, then 
no less truly that is the queer kind of animal to which 
we belong. 
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This tremendous apparatus of empirical evidence 
will be Frazer’s lasting monument. Accumulative, 
perhaps, in the first instance rather than constructive, 
yet in its whole result it is creative work of the 
superbest magnitude. That man’s visions afford the 
leading clue to his cultural evolution could only be 
demonstrated massively, and he has done it. 

R. R. Marerr. 


When studying at Glasgow, Frazer owed much to 
George Ramsay in classical scholarship, and to John 
Veitch in philosophy ; and to both a literary training 
and finished style which partly explains the wide 
popularity of his very learned writings. From 
Kelvin he derived a conception of natural law, which 
dominated his anthropological thought. His first 
contribution to learning, after a revision of Long’s 
“Sallust’’ (1884), was an encyclopedic commentary 
on “Pausanias”, for which he had prepared himself 
by diligent travel in Greece, and intimate acquain- 
tance with the by-ways of Greek myth and cult. This 
appeared in six volumes in 1898; Frazer was never 
brief, and he recurred to classical study in five 
volumes on “The Fasti of Ovid”’ in 1929. 

Meanwhile, James Ward introduced Frazer to 
Tylor’s “Primitive Culture”, and Robertson Smith 
asked him to write on ““Taboo” and ““Totemism”’ for 
the “Encyclopedia Britannica” (1885); these arti- 
cles were extended and published separately in 
“Totemism”’ (1887). Robertson Smith’s own “Kin- 
ship and Marriage in Early Arabia” (1885) and 
“Religion of the Semites’’ (1889) show how much 
each writer owed to the other. Other powerful 
influences were W. Mannhardt’s researches in Euro- 
pean folk-lore, especially the cults of trees and cereals, 
and G. A. Wilken of Leyden, whose book on “‘Anim- 
ism” in the Dutch Indies appeared in 1885. So, in 
1890, blossomed the first “‘Golden Bough’ in two 
volumes, growing to three in 1900, and to eleven in 
1911 by elaboration of its chapters into treatises such 
as “Adonis, Attis, and Osiris” (1906), in many ways 
his best book, and certainly the best written. Later 
writings followed the same technique ; from a branch- 
ing tree “The Golden Bough” became a grove ; ““The 
Belief in Immortality” (3 vols., 1913-24), “The 
Worship of Nature’ (1926), and “The Fear of the 
Dead” (2 vols., 1933-34) are mighty saplings. 

This method of exposition enabled Frazer to incor- 
porate voluminous information and fresh commentary 
in a cumulative body of doctrine. If his initial con- 
tribution to theory had not been substantial, or had 
he modified it greatly, it could scarcely have served 
him so well. 

Frazer was an untiring compiler and a master of 
classification, and his marriage with Mrs. Lilly Grove, 
of French family and linguistic ability, brought him 
life-long, devoted and congenial help, introduced 
him to a wide circle abroad, and did much to popu- 
larize his work at home. From 1907 until 1919 he 
held a titular chair of anthropology in the University 
of Liverpool, where his eloquent inaugural, a plea for 
the preservation of the heathen, caused some heart- 

searching; as did his abrupt refusal to lead an 
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anthropological expedition to Australia, “for I have 
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But most of his 
Cambridge and 


never met a savage in my life’’. 
working life hovered between 
London. 

More philosophical than most of his writings, and 
less meticulously documented, is ‘“‘Psyche’s Task” 
(1909 ; 1913), a “discourse concerning the influence of 
superstition on the growth of institutions” ; while 
“Folklore in the Old Testament” and the ‘“Fasti” 
already mentioned are essentially books of reference 
like the “‘Pausanias”. In Dr. Bestermann’s biblio- 
graphy of eighty-four pages (1934) titles referring to 
Plato, Addison, Cowper, Sir Roger de Coverley, 
Condorcet and Renan attest wide literary interests 
and a facile pen. Failure of eyesight did not abate 
Frazer’s industry or enthusiasm; but he printed 
little after 1934. J. L. MyrRes. 


Sir James Frazer was the personification of quiet 
industrious scholarship, very little moved by the vast 
accumulation of honours which came to him, and 
sometimes almost bewildered by publicity. His 
interest in religious matters was a key to a good deal 
in his character and work. Having begun by ex- 
pounding classical culture as a growth and expan- 
sion from prehistoric germs, he was deeply and 
reverently imbued with the idea of evolution in 
religion in general. Ths fact that so many religions 
in such diverse ways express a consciousness of sin 
seemed to him an important factor in the interpre- 
tation of religion in general. At the same time a 
good deal of his critical influence arose from his 
appreciation of the fact that stories of virgin birth, 
resurrection and other ideas of the kind belonged to 
many religions and expressed provisional ideas rather 
than authoritative dogmas to be permanently assoc- 
iated with any one religion. 

He often explained that he was essentially the 
disciple of Robertson Smith, whose “‘Religion of the 
Semites” stands out as one of the landmarks of the 
advance of thought in this field. His laboriousness 
was linked with a literary power of a high order and 
a purity of thought which made him a unique and 
somewhat detached figure in our time. He might be 
described as a man who extended Darwin’s funda- 
mental thought into the field of religious belief and 
practice, and his influence here is likely to be cumu- 
lative as the years pass. Particular conclusions that 
he may have reached from time to time were changed 
as he gained more light, and they will no doubt be 
further changed. His work may thus be built over, 
but it is Robertson Smith and Frazer who have in a 
very special degree charted the way to a new and 
naturalistic approach that must change many things 
in current thought and belief. H. J. FLEURE. 





When Sir James Frazer’s coffin rested in Trinity 
College Chapel on May 14, it was most fittingly 
graced with a bough of mistletoe. For if of Sir 
James’s three hundred or so publications “The 
Golden Bough” alone had survived, his fame would 
be only a little less than it is, and were “Totemism 
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and Exogamy” added to that, all the rest could 
make it but a little greater. Although we should 
miss the charm and humour of his purely literary 
works, his reputation as a man of letters would be 
as fully established by, say, the opening pages of 
“The Golden Bough” as his fame as a scholar is 
attested by the volumes that follow them. Frazer, 
though always a man of letters, and one who has 
adorned the literature of his country with many 
passages of surprising beauty, was primarily a scholar, 
and his great service to posterity has been in collecting 
and collating, with a steadfast industry that defied 
both flagging health and failed eyesight, a compila- 
tion, a series of compilations rather, of comparative 
custom and belief for the whole of the barbaric 
world, ancient and modern alike. 

Inspired as he was by Tylor, Spencer and Robert- 
son Smith, Frazer was inclined himself to the evolu- 
tionary hypothesis that mankind was ever groping 
out of darkness into light, everywhere evolving from 
ignorance through experience to completer know- 
ledge, a process which inevitably produced similar 
phenomena at comparable stages. Although he 
frequently analysed the grounds of these phenomena 
with great acumen, he was always most careful to 
avoid dogmatizing, and, as one might expect in a 
truly great man, his modesty was as striking as his 
scholarship was profound. Indeed, he said himself 
that if his work were to live after him, posterity 
would doubtless value it more for its wealth of 
recorded fact than for any interpretations he might 
draw therefrom. The truth is that his comparative 
work has been so extensive that it has left little to 
be done in that particular field, and anthropologists 
of a subsequent generation have taken its results for 
granted without always realizing their debt to the 
work which has cleared the way for the development 
of their science in many new directions. Anatole 
France well said of Frazer that he had given the 
world a vast new knowledge of the mind of man. 

J. H. Hurron. 


Prof. C. G. Cullis 


RESPECTED by all who knew him, held in affection 
by his former colleagues, and revered by generations 
of students, Prof. C. Gilbert Cullis, emeritus professor 
of mining geology in the University of London, died 
at Hindhead on April 27 at the age of seventy. 

He had been a member of the staff of the Royal 
School of Mines and the Imperial College of Science 
and Technology for forty-five years, and on his retire- 
ment in 1936 had completed nearly a quarter of a 
century as professor, from 1914 until 1929 as professor 
of economic mineralogy and from 1930 until 1936 
under the more descriptive title of professor of mining 
geology. With Prof. W. W. Watts as geologist, and 
Prof. Cullis as mining geologist, the training of 
students at South’ Kensington became world-famous. 

Cullis was the first professor appointed by the 
University of London in a subject which had its 
birth in the growing need for the application of 
geological knowledge to the investigation of mineral 
resources, especially at depths greater than had 
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formerly been worked. He realized early and fully 
that aceumulated experience in the field, not Spee. 
tacular intuition, was the best guide to sound judg. 
ment concerning ore deposits, and he made himself 
familiar with many mining fields in Europe. Hy 
established a great reputation, and leading British 
mining companies frequently sought and highly 
valued his advice. It was largely due to his influence 
that these companies and Colonial Governments 
initiated the practice, now well established, of 
appointing mining geologists on their staffs, and 
students trained by him were in strong demand, 
Thus he made a solid contribution to the acdvaneo. 
ment of the industrial application of scientific know. 
ledge and much of the progress of modern Britis) 
metalliferous mining is in large measure due to the 
success of his former students, many of whom now 
occupy foremost positions in the mining and geo. 
logical world. 

His chief publications were: “Report on the 
World’s Production of Silver for Indian Currency”, 
(1919), “Report on the Copper Deposits of Cyprus”, 
for the Colonial Office (1922), and the “Geology and 
Mineral Resources of Cyprus’ (1924). Valuable ag 
are these clear, concise and erudite reports, his 
chosen task was the training and encouragement of 
his students. Gifted with a prodigious memory which 
enabled him to acquire an encyclopedic knowledge 
of the world’s mineral deposits, with great command 
of language, clear diction, capacity for taking infinite 
pains, and with a delightful personality, he was 
acknowledged to be one of the most successful 
teachers of his day. His past students never failed 
to pay tribute to their inspiring mentor, and on his 
retirement hundreds of them, resident in almost 
every country in the world, took the opportunity of 
contributing to his presentation fund. It was 
characteristic of him to give the fund for the 
establishment of an annual student’s prize, now 
known as the Cullis Prize. 

Cullis was for many years a member of Council of 
the Geological Society and of the Institution of 
Mining and Metallurgy, and the two bodies bestowed 
upon him some of their highest awards. He was 
president of the Institution of Mining and Metallurgy 
for 1937-38. More, however, than all distinctions; his 
supreme interest was in the performance of his daily 
work, which he interpreted as giving his best to his 
students and his colleagues. W. R. Jones. 


WE regret to announce the following deaths : 


Mrs. Beatrice Bateson, widow of Dr. William 
Bateson, F.R.S., on April 13. 

Prof. Edmond Leplae, professor of agriculture in 
the University of Louvain and director-general at 
the Belgian Ministry for the Colonies, on February 2. 

Sir D’Arcy Power, K.B.E., the well-known medical 
historian, consulting surgeon and archivist to St. 
Bartholomew’s Hospital, on May 18, aged eighty-five. 

The Ear! of Suffolk and Berkshire, who was liaison 
officer for the scientific department in France of the 
Ministry of Supply, until the collapse of France, by 
enemy action, aged thirty-five. 
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Hanbury Medallist of the Pharmaceutical Society 
Ar the May meeting of the Council of the Pharma- 
ceutical Society the secretary reported that the 
adjudicators of the Hanbury Medal have decided to 
make the award to Dr. Harold King, F.R.S., of the 
National Institute for Medical Research. Dr. King, 
has been engaged in research on drugs since 1913, 
and apart from important work on synthetic arsenical 
preparations, has made outstanding contributions to 
the chemistry of alkaloids and sterols. Of his work 
on alkaloids special mention may be made of that 
on the constitution of hyoscine, the stereochemistry 
of the cinchona alkaloids and the exhaustive investiga- 
tion of the sources, nature and constitution of the 
alkaloids present in the various kinds of curare and 
in the plants known or surmised to be used in the 
preparation of that drug. In 1932, in association 
with Rosenheim, Dr. King suggested a new structure 
for the cholane ring system which is now generally 
accepted as a basis for the representation of a number 
of physiologically active substances, such as the 
estrogenic hormones, carcinogenic hydrocarbons and 
cardiac glucosides. The Hanbury Medal, a memorial 








to Daniel Hanbury, who died in 1875, is awarded 
periodically for “high excellence in the prosecution 
or promotion of original research in the natural 
history and chemistry of drugs’. The adjudication 
committee comprises the presidents for the time 
being of the Chemical, Linnean and Pharmaceutical 
Societies, the chairman of the British Pharmaceutical 
Conference and one pharmaceutical chemist. 


Royal College of Surgeons: Air Raid Damage 

CONSIDERABLE damage has been done to the 
Royal College of Surgeons in recent air raids. Accord- 
ing to The Times “irreparable losses, including most 
of the Hunterian Collection, were suffered. Incendiary 
bombs first fell on the roof of the building, but just 
as a watcher was giving the alarm a high-explosive 
missile struck the museum. In spite of great damage 
to the interior the fabric of the College is more or 
less intact, but the museum buildings have suffered 
severely. The most valuable specimens in Dr. John 
Hunter’s collection, purchased by the Government 
for £15,000 two years after his death in 1793 and 
presented to the College, are probably safe under the 
debris, having previously been moved into reinforced 
sections of the sub-basement. The collection of 
portraits and pictures, including Reynolds’s portrait 
of Hunter, are safe in the country, and the part of 
the records still at the College had been stored 
in strong rooms that withstood the blast and 
flames. 

Thousands of museum pieces are gone, among 
them the skeletons of kangaroos brought by Captain 
Cook from Australia, and the comparative osteology 
collection of four thousand specimens acknowledged 
to be the finest in the world. Much of the material 
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ante-dated British Museum specimens. All Dr. 
Hunter’s eighteenth-century furniture, which was in 
the president’s room, was destroyed. The original 
surgical instruments used by Lister were recovered, 
but many others were lost. Though the oldest 
mummy in the world, that of Ra Nefer, an Egyptian 
nobleman who died, it is said, about 2900 B.c., was 
destroyed, many mummies of popular interest have 
been salved. The invaluable Army Medical War 
Collection, containing plaster casts of every type of 
wound, was also destroyed, as were the council room 
and lecture theatre. , 


Science and Society 

An address entitled “The Social Message of 
Science’’ was delivered by Prof. M. Polanyi at the 
University of Leeds on January 27. Prof. Polanyi 
in Nature of January 25, p. 119, expounded at 
length views which he summarized in part. He sees 
clearly enough what is involved in the present 
struggle: scientific workers must participate to 
defend the independence of science and all the 
conditions of that independence, the whole concep- 
tion of culture, of law and of the purpose of society 
which can essure such independence. He recognizes, 
too, the concern of science with the entire order of 
society, political and economic, ‘which affects its 
independence and the contribution which science 
can offer to the re-civilization of the world, through 
the example of the creative freedom sheltered by its 
severe professional discipline or by stimulating 
severity against mental sloth and deceitful argument, 
thus releasing a stream of creative forces. But while 
Prof. Polanyi holds that science has a social message, 
he is obsessed with the independence of science itself, 
and his rejection of all ideas of central planning of 
science and other human activities does not lead to 
the offer of any constructive alternative to the 
anarchy into which the failure to plan or co-ordinate 
scientific advance has led us. /This obsession leads 
him to confuse all who attempt the central planning 
of intellectual activity with those who deny the 
existence of pure science. There are, however, many 
opponents of the totalitarian doctrines who none the 
less question the validity of distinguishing sharply 
between pure and applied science, but would sub- 
scribe to Prof. Polanyi’s characterization of science 
itself as pursued in adherence to an established 
tradition of its own, which guides the methods of 
observation and the principles for analysing and 
organizing the accumulated data. 


Prof. Polanyi’s attempt to drive a wedge between 
the academic man of science and the scientific worker 
in industry is no service to science, above all when 
the utmost united effort is called for in the defence 
of freedom of thought and investigation. Much, 
indeed, of his analysis of the nature of science is as 
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true of the scientific worker in industry as of his 
colleague in a university. The same process of 
organic growth can be found in both places—and, 
what Prof. Polgnyi overlooks, the same narrow 
specialization, hampering scientific advance and 
creative work. He does indeed admit that public 
interest can influence broadly the lines of scientific 
investigation, but he passes over the value of the 
reciprocal influence on both science and society of 
accurate and forceful scientific exposition, as well as 
the extent to which the resources already at the 
disposal of science are determined by the nature of 
the society in which the man of science lives and its 
outlook on world affairs. Prof. Polanyi is accordingly 
largely ‘tilting at windmills’ in his attack on the 
idea of central planning. He offers no alternative to 
the present chaos into which the absence of plans 
has led us, and ignores the contribution which skilful 
exposition might make to the engendering of a 
scientific outlook in society as a whole. Much of the 
value of his address is lost through its attack on 
those who are every bit as determined as he is to 
defend the integrity of scientific thought and method, 
but who would seek to extend the realm into which 
that method and outlook are brought to play. 
Leadership, as he observes, can be retained only by 
those who can point the way toward the future ; 
but Prof. Polanyi fails to do so or to see the real 
meaning of his own description of the stream of 
thought ever widening through the centuries, follow- 
ing steadily the purpose set by the tradition of science 
and its view of the purpose and true greatness of 
human society. 


Manufacture of Magnesium 

Ir is common knowledge that sea-water contains 
common salt and small quantities of other substances 
and even traces of rarer elements such as gold. 
Throughout the ages, in warm countries, a crude sale 
has been made by the evaporation of brine ponds 
with the heat of the sun, but only recently has the 
sea become a commercial source of two other con- 
stituents, bromine and magnesium, for which the 
industrial demand has grown to be considerable. 
The demand for bromine arose as the result of the 
discovery of the value of ‘Ethyl’ as an antiknock 
agent to be used with petrol: its manufacture and 
use has grown to a point where very large quantities 
of bromine are necessary. The problem was solved 
when the Dow Chemical Company in the United 
States established an elaborate process, which is 
largely automatic and continuous in its operation, for 
dealing with immense quantities of sea-water. The 
bromine is driven out of the water by a slight excess 
of chlorine and ultimately isolated. The solution is 
one of the triumphs of modern chemical engineering. 


There is now a demand for magnesium, lightest of 
the structural metals. .Sea-water contains 0-1 per 
cent of magnesium, which is separated as the in- 
soluble hydroxide by reaction with lime produced 
from nearby beds of oyster shell and afterwards 
converted into chloride, from which the metal is 


NATURE 





May 24, 1941, vor. 147 


finally made by electrolysis. The quantity of wate, 
treated is so large that it cannot be put back into the 
sea at the intake point, but must be taken by cana) 
several miles down the coast so as to prevent dilution 
of the incoming water. An output of 15,000 tons of 
metal per annum is aimed at. The need for mag. 
nesium in quantity has become so urgent tha 
several plants for the purpose are being erected jn 
the United States. Some of these are base:! on ay 
electro-thermal process involving the reduction of g 
suitable magnesium ore. The metal has such a high 
affinity for oxygen that at intermediate temperatures 
it is able to take this away from carbon oxicdes ; to 
prevent this happening, the mixture has to be 
shock-cooled with large volumes of hydrogen. The 
process is a daring one, and various production diff. 
culties are likely to be encountered ; the fact that jt 
is being undertaken shows the high level to which 
modern chemical and metallurgical engineering has 
attained. In this instance ore and electrical power 
are cheap ; it is the process which presents difficulties 


Learning and Physique 

Or one hundred and fifty members of the U5, 
National Academy of Sciences examined by Dr, 
AleS Hrdliéka, there were “no true reds’ (Mem. 
Nat. Acad. Sci., 23, Third Mem.: Observations on 
the Members of the National Academy of Sciences. 
Washington: Government Publications Office. 30 
cents). Moreover, there were no “pronounced 
blonds”. Apparently, the members of the Academy 
were significantly darker in hair coloration than were 
the typical “Old Americans” previously examined 
by Hrdlitka. The mean age of those upon whom 
the investigation was carried out was 59-57 years, 
which is very nearly the mean age of the total 
membership of the Academy. The hundred and 
fifty members were taller and heavier than the 
general run of the Old Americans. They had larger 
and broader heads and deeper chests than the more 
cultured classes of the Old Americans who are not 
members. Hrdlitka’s summary of the characters of 
members of the Academy is that: “They obviously 
present, in general, an above-the-average selection of 
men both as to nature and nurture. ... They are 
furthermore a remarkably normal group, of evidently 
good heredity and good ontogenetic history”. Con- 
trary to the popular conception of what a ‘professor’ 
should be, there were no “physically abnormal 
geniuses in the lot”, and all had good eyesight, 
despite the fact that many wore glasses for reading. 

Perhaps most people in picturing the collective 
membership of any learned society would be inclined 
to include a very definite admixture of freaks. Such 
a picture of the members of the National Academy 
of Sciences would obviously be incorrect. Would it 
be incorrect for the membership of the Royal Society ! 
Are the members of the learned societies of all 
countries men of above the average of physical well- 
being ? Perhaps, after all, the old maxim of “mens 
sana in corpore sano” is correct, and the stage pro- 
fessor no more represents a reality than does the 
stage American. 
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Telephones in Canada 

CanaDA now probably takes the lead of every 
country in the world in the number of completed 
telephone calls a head, and considering. the total 
number of telephones in use, it ranks fifth (Electrician, 
April 25). The total number of telephones in Canada 
showed an increase of about three per cent above 
1939. In that year approximately 68 per cent of all 
instruments were residence telephones ; 30 per cent 
were business and residence telephones on individual 
lines; while two-party lines accounted for 2 per 
cent. Nearly half of the telephones in operation in 
Canada in that year were on automatic switchboards, 
while during the year some 50,000 telephones were 
transferred from manual to automatic operation. 
In 1939, Canada had 12°35 telephones per 100 popula- 
tion as compared with 12°13 in 1938. In 1938 
Canada was surpassed only by the United States 
with 15°37, Sweden with 12°73 and New Zealand 12°69 
telephones per 100 population. 

The number of telephones on automatic switch- 
boards in Canada increased from 639,700 in 1938 to 
690,201 in 1939, while the number of manual switch- 
poards declined from 719,717 to 707,071. The 
majority of the automatic telephones are located in 
fifty-one large cities. During 1939 telephones added 
or transferred from manual to automatic switch- 
boards in these cities totalled 40,769, as against 
9,732 in other municipalities. 


Health of Glasgow 

In his latest report Dr. A. S. M. Macgregor, the 
medical officer of health for Glasgow, states that the 
lower death-rates and the reductic in the incidence 
of common diseases in 1939 recall the experience of 
London and other cities in that year, but in 1940 
Glasgow showed some disquieting features. The 
general death-rate during 1939—13°3 per 1,000— 
was the lowest on record. There were fewer deaths 
due to respiratory and infectious diseases. Infantile 
mortality fell to 80 per 1,000 births, the usual range 
being between 90 and 100. Deaths due to puerperal 
infection numbered 30 as compared with 50 the year 
before. During the first quarter of 1940, however, 
there was an outbreak of influenza, and by the end 
of January the death-rate had risen to 4l*l per 
1,000 of the population. There was also an outbreak 
of paratyphoid fever with 274 cases but only 3 deaths. 
For the first time for many years measles was pre- 
valent in the summer instead of in the winter. In 
the later part of 1940 diphtheria in Glasgow, az in 
some other parts of the country, reached its highest 
prevalence. Apart, however, from the influenza 
attack and the prevalence-of diphtheria the health 
of Glasgow was almost as favourable in 1940 as 
in 1939. 


Earthquake in Atlantic Ocean 

THE United States Coast and Geodetic Survey, in 
co-operation with Science Service and the Jesuit 
Seismological Association, has determined the pro- 
visional epicentre of the earthquake of March 21, 
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1941, which took place at 7h. 58-4m. G.M.T. This 
they have found to. be at latitude 7-3° N., longitude 
38-6° W., which is in the Atlantic Ocean to the north- 
east of Brazil. The calculations were based on reports 
from the seismographic stations at Manila, San Juan, 
Fordham, Huancayo, Philadelphia and Logan, and 
it is suggested that although the depth of focus is to 
some extent uncertain, yet it may be of the order 
of 100 km. Earthquakes in this region are somewhat 
rare though they are frequently experienced in certain 
parts of the West Indies ; but an earthquake of deep 
focus in this region is certainly a more rare occurrence, 
if not entirely without precedent. 


Johan August Hugo Gylden (1841-1896) 

On May 29 the centenary occurs of the birth of 
the eminent Swedish astronomer, Hugo Gylden, who 
for many years was director of the Stockholm 
Observatory. Gylden was the son of the professor 
of Greek at the University of Helsinki, and he received 
a careful training under his father. He also studied 
at Gotha and Leipzig, and at the former place came 
under the influence of Hansen. At the age of twenty- 
one he entered Pulkowa Observatory, and there, 
under Struve, began his investigations on the orbits 
of comets and planets. Nine years later he was 
called to Stockholm as director of the observatory 
and astronomer to the Royal Academy of Science, 
and he retained these appointments until his death 
on November 9, 1896. His papers exceeded two 
hundred in number, and related to the motion of 
planets and comets, the rotation of the earth, stellar 
parallax, refraction, mathematical analysis, cosmo- 
gony and other subjects. In 1879 he succeeded 
Secchi as a corresponding member of the Paris 
Academy of Sciences. He was made an associate of 
the Royal Astronomical Society, to which an obituary 
of him was contributed by his most famous pupil, 
Backlund. 


Announcements 

Sm Artuur Kerru, lately Hunterian professor of 
the Royal College of Surgeons, has been elected a 
foreign associate member of the U.S. National 
Academy of Sciences. 


Dr. Patmurpe R. Wurre, of the Rockefeller Institute, 
Princeton, has been awarded the Stephen Hales Prize 
of the American Society of Plant Physiology for his 
work on plant tissue culture. 


Tue Scientific Instrument Manufacturers Associa- 
tion of Great Britain, Ltd., of 60 Queen Victoria 
Street, London, E.C.4, has founded a scholarship in 
optics at the Imperial College of Science, South 
Kensington, up to £40 per annum, for a minimum of 
two years. The scholarship will be awarded imme- 
diately a suitable candidate presents himself. 


Erratum. In the article “‘ The Man of Science as 
Aristocrat” (Nature, April 19, p. 465), for “the 
great lens” of the Lick Observatory read “‘the great 
mirror’’. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible for = expressed by their correspondents. 


They cannot undertake to return, or to correspond with 
No notice is taken of anonymous communications. 


intended for this or any other part of NaTURE. 


IN THE PRESENT CIRCUMSTANCES, PROOFS OF 


the writers of, rejected manuscripts 


“LETTERS” WILL NOT BE SUBMITTED TO 


CORRESPONDENTS OUTSIDE GREAT BRITAIN. 


International Democracy of Science 
during War and Reconstruction 


THe central idea of this communication can 
scarcely be claimed as original or new, but its brief 
draught has been stimulated by witness of the work 
of British men of science, admirably continued during 
these times. Monographs and other volumes, articles 
of academic or applied scientific nature, and reviews 
and surveys emanating from Great Britain continue 
to impress us in the United States with the capacity of 
British men of science for production of quality 
under the extreme conditions imposed by modern 
warfare. Touching on the personal side, recent 
letters from university friends in England, current 
publication, without undue delay, of papers written 
jointly with colleagues in that country, and numerous 
leading articles appearing in recent issues of NATURE 
have all afforded me a projected conception of the 
sane tempo of British scientific activities. 

War has paralysed scientific progress in several 
countries victimized by military aggressors. It has 
in many ways hampered the activities of scientific 
eentres in Britain. The same conflict is exerting its 
effects upon American institutions through selective 
service and the application of increasing thought and 
research activity to programmes of national economic 
and military importance. 

Years of strife lay stress upon the prime importance 
of emphasizing in a substantial way the international 
democracy of science. The responsibility of main- 
taining this desired status, that progress may resume 
its full dimensions at the earliest opportunity, lies in 
the hands of those stronger nations, whose govern- 
ment is by the people. We of the English-speaking 
countries have as one of our many inevitable co- 
operative tasks that of implementing recovery from 
intellectual starvation in those nations whose ideals 
we share but whose resistance was unfortunately 
inadequate to stand off the aggressor. 

Repair and expansion of the broad highway of 
learning may be served in several ways during war, 
to the end that eventual reconstruction may be 
accelerated among all peoples, affording widening 
horizons for greater numbers and the furtherance of 
human well-being and mutual understanding. 

Some suggestions for realizing this programme in 
part during war-time are: increased exchanges of 
scientific publications, the transmission of more 
invited and voluntary contributions to foreign 
journals, and the establishment of additional inter- 
national journals. A few international journals, pub- 
lished in the United States, supported by capable 
agencies in democratic countries and having on their 
editorial boards personnel in and serving the same 
respective countries, should constitute additional 
outlets for the publication of scientific work in the 
event that war conditions continued to increase 
restrictions already operative. Worthy contributions 
would be welcome from all scientific investigators 
who shared the faith in such instruments’ raison 


@étre. Nobody is unaware of the deadly factor 
which militate at present against the successful pro. 
jection of such a programme. Nevertheless, permit. 
ting the defeatists’ condemnation of our efforts ag 
mere Utopianisms to befog vision or block action 
cannot be tolerated. Rather, should not every appeal 
be made to respective agencies within the free 
democracies to investigate feasible ways of aiding in 
the realization of the objectives ? 

The much-discussed matter of international ex. 
change professorships could be given support with 
inestimable profit. In war-time, such exchanges 
should apply chiefly on a unilateral basis, to enable 
older or certain highly specialized citizens of involved 
countries to visit non-belligerent nations, or nations 
in a state of conflict but removed geographically from 
the immediate theatre of war. Indeed, the years just 
preceding this war, and the time elapsed since its 
inception, have seen the compulsory emigration of a 
great number of scholars from their home countries, 
later to find themselves settled, at least temporarily, 
in free democratic States where a measure of their 
work may be continued. Admitting that the accom. 
modation of refugees gives rise to numerous problems 
it must at once be recognized that the temporary 
refugee fulfils potentially an important dual function. 
He brings to the host-country some of his own 
culture and philosophy and will eventually take 
home to his own people new views and ideals gained 
from his sojourn abroad. He thus constitutes one 
fortuitous and effective means towards the integra- 
tion of human thought and international under- 
standing. 

At the end of hostilities, a point of great importance 
would be the encouragement and development, on 
the bilateral exchange basis, of younger investigators 
especially. Such a plan, brought into extensive 
operation during the period of reconstruction, would 
benefit the cause through the advantages offered to 
the exchange visitors themselves, as well as to their 
colleagues and students, resident and foreign. Ar- 
rangements might be made feasible whereby each 
home university or other institution would continue 
to pay the salaries of its delegates, while funds for 
defraying the expenses of travel might be furnished 
by university groups, governmental departments or 
larger private organizations which normally foster 
foreign fellowships and scholarships. 

I held a fellowship which made possible my spend- 
ing the year between September 1938 and September 
1939 at an English university. That experience, with 
its opportunities for study among stimulating col- 
leagues, and the ever-new adventures in friendship 
and understanding, has been the prime factor in 
deepening my convictions summarily expressed in 
this communication. 

Denis L. Fox. 

Scripps Institution of Oceanography ‘ 

(University of California), 
La Jolla, California. 
April 5. 
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Development of the Ligule in 
Zea Mays L. 


DuRING an investigation of leaf initiation and 
apical organization in grasses, some particularly clear 
stages in the origin of the ligule were seen in young 
aves of maize shoots cut longitudinally in the plane 
of the leaves. The development of the grass ligule 
has received attention from only a very limited 
number of workers (Bugnon!+*, Ponzo*, Philipson‘, 
and Neumann‘), but all agree that it arises solely 
from the young epidermis. Neumann well summar- 
izes its origin when he says “The ligule of Zea Mays 
arises from three horizontal rows of epidermal cells 
iving one over the other’’. 














( x 780 approx.) 


The photomicrograph A and the cell-wail drawing 
B show part of a leaf, about the fifth from the apex, 
in @ maize shoot, and illustrate the way in which 
the ligule is initiated by rapid periclinal divisions in 
afew young, rather more densely staining, epidermal 
cells at the union of the future lamina and sheath. 
Although periclinal divisions in the sub-epidermal 
cells accompany the divisions of the epidermal cells, 
the continuity of the sub-epidermal cells under the 
ligule and the similar continuity of the rather thicker 
original lower wall of the epidermal cells indicate 
that the tissue. of the developing ligule is derived 
solely from the epidermis. 

In all of rather more than twenty species of grasses 
with the simple membranous type of ligule (or reine 
Hautligula of Neumann) which I have examined, the 
origin. is similar to that described for Zea, though it 
is often difficult to determine how many horizontal 
rows of cells are involved. 

B. C. SHARMAN. 

Botany Department, 

The University, 
Leeds 2. 
* Bugnon, P., Thesis, Caen (1921). 
*Bugnon, P., Mém. Soc. linn. de Normandie, 26, 21 (1924). 
*Ponzo, A., Nuovo Giorn, Bot. Ital., 38, 515 (1931). 
* Philipson, W. R., New Phyt., 34, 310 (1935). 
‘Neumann, H., Beit. Biol. Pflanz., 25, 1 (1937). 
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Bracken Compost 


In two papers previously published! attention was 
directed to the remarkable effects produced on the 
growth of young trees by the use of organic composts 
made from straw and other materials. 

In the first instance these composts were used to 
promote growth of various species of pine on poor 
heath soils of the Bagshot type. Afterwards, they 
have been applied with equal success to a number of 
conifers other than pine, Norway and Sitka spruce, 
larch, Cupressus sp., etc., as also to birch and beech, 
and their use extended to various types of soil. 

Among the materials tested recently with successful 
results a a basis for similar composts is bracken, 
from which has been prepared a compost giving 
highly satisfactory experimental results in tree 
nurseries and in the corresponding pot cultures with 
transported soil. In view of the desirability of erad- 
icating bracken under certain conditions and the 
accumulation of cut fronds resulting from the methods 
recommended for that purpose, it seems of some 
interest and importance that experimental results 
proving the value of bracken compost should be put 
on record without further delay. 

The methods for making composts successfully 
used in forestry experiments were described in the 
first of the papers cited. A standardized product was 
obtained in every case by careful attention to the 
size, packing and moisture content of the heaps, with 
addition of nitrogen at the rate of 1 per cent of the 
dry weight. The amount of nitrogen has been since 
reduced to $ per cent in certain composts without 
loss of quality, and a bracken compost prepared in 
this way is at present under comparative observa- 
tion. 

Various sources of nitrogen have been employed, 
by far the most successful being commercial ‘dried 
blood’. The use of simple inorganic salts of nitrogen 
such as ammonium sulphate or ammonium phosphate 
has given composts of inferior quality for forestry 
work. Under war conditions a satisfactory organic 
substitute for ‘dried blood’ can doubtless be found. 
The successful use recently by Waksman* of definite 
proportions of alfalfa with straw as a basis for com- 
posting is worth noting in this connexion. 

Bracken compost heaps made as described develop 
a high temperature and show a well-marked thermo- 
philic phase during decomposition. They break down 
quickly giving a sweet-smelling friable compost easy 
to handle. Its value for crops other than young 
trees requires to be tested. 

A recent paper by Braid* on bracken eradication 
recommends cutting down of the fronds in June. 
Comparative experiments with composts made from 
dead fronds cut in October and from green fronds 
cut and dried in early July have given results slightly 
in favour of the green product, and these results 
could doubtless be extended to cuts made rather 
earlier in the summer if found desirable. 


M. C. RAYNER. 


Bedford College, 
University of London, 
c/o The Botany School, 
Cambridge. 


* Rayner, M. C., Forestry, 10, 1 (1936). 

* Rayner, M. C., Forestry, 13, 19 (1939). 

* Waksman, 8. A., and Cordon, T. C., Soil Science, 47, 217 (1939). 
* Braid, K. W., Scott. J. Agric., 22, 1 (1939). 
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Radioactive Copper and the Mechanism 
of Oligrdynenic Action* 


InasMuUcH as the stimulation of organisms by 
extremely low concentrations of heavy metal ions 
(oligodynamic action) is a well-known phenomenon, 
it seemed desirable to use the artificially radioactive 
isotope ,,Cu** (Cu*) to enable one readily to deter- 
mine the fate of the radioactive copper added to cells 
in concentrations of the order of 10- moles per litre. 

The leaves of Hlodea canadensis were immersed in 
10-8, 10-*, and 10-"° M solutions of Cu*Cl, (radio 
copper kindly supplied by Prof. E. O. Lawrence ; 
the activity of samples was about 10 millicuries per 
gram) dissolved in quartz-distilied water maintained 
at 25 + 0-1°C. in a thermostat and constant carbon 
dioxide free aeration was supplied. The pH was 
6-8 + 0-2 and illumination was diffuse daylight of 
the order of 5 metre-candles. After required times 
of immersion, a known weight of leaf material was 
washed in 500 volumes of distilled water and analysed 
by the Geiger-Miiller counter. The data are shown 
in the accompanying table. Here it can be seen that 
while the external concentration of Cut++ is so low 
that it is difficult to imagine its exerting a physio- 
logical effect, nevertheless, in the cell this concentra- 
tion reaches a very substantial value, exceeding the 
external solution by almost 3 x 10* times at its 
maximum value. It can be further noted that the 
organism tends later to eliminate the accumulated 
radioactive copper and that the rate of uptake of this 
cation depends upon its concentration. The data for 
1}-* M Cu* solutions are not presented, but they fall 
substantially between the 10-* and 10-'* M values. 


External Cu® concentration Ratio of Cu* Time 
concentration in Elodea. inside /outside (hr.) 
(moles/litre) (moles/kgm ‘ 
protoplasm) 
10-* 0-012 1-2 x 10° 0-5 
10-* 0-050 50 =x 10* 1-0 
10-* 0-125 12 =x 10° 20 
10-* 0-020 20 =« 10 6-0 
10°" 0-019 19 x 10° 20 
1” 0-029 29 x 10° 6-0 
10” 0-015 15 x 10° 76 


These concentrations were found to be physio- 
logically effective, as shown by a comparison of the 
oxygen consumption of control and Cu++-treated 
leaves. The effect observed was an increase in 
metabolic rate. This observation, combined with 
the failure of distilled water to remove the accumu- 
lated radioactive copper, indicates that ions are 
actually bound in the cell. This bound Cu* cannot 
be readily exchanged for alkali ions supplied ex- 
ternally, but does readily exchange for Cu+ + or Aut +. 
This was shown by placing Elodea in radioactive 
copper solution for one hour and then transferring 
to copper, sodium or gold solution and measuring the 
loss of radioactivity. 

It is concluded that copper, in extreme dilutions, 
exerts its physiological effects by virtue of the 
power of protoplasm to bind ions against a concen- 
tration gradient, so that the concentrations actually 
present are relatively high. These concentrations 
late~ decrease in the cell, and the physiological effect 
of the heavy metal ion disappears concomitant with 
this decrease in concentration. 

University of Missouri, 

Columbia. 


DANTEL Mazia. 


University of Rochester, Lorin J. MULLINS. 


Medical School, 
Rochester, N.Y. April 4. 
* From the Laboratory of Zoology, University of California, Berkeley. 
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Structure of Vitreous Silica 


Durtne the last fifteen years, the diffraction of 
X-rays by vitreous silica has been the subject of 
many investigations. Parmelee, Clark and Badger 
obtained one band with a spacing of 7-1 A. and q 
faint one corresponding to 2-5 A. Randall, Rooksby 
and Cooper* obtained one band at 4-33 A. with 
copper Ka radiation, while with molybdenum K, 
radiation another faint band at about 1-5 A. was 
observed. They believe that the faint band obtained 
with molybdenum Ke radiation is spurious and that 
the only one on which reliance can be placed is that 
at 4-33 A. Warren, Krutter and Morningstar 
obtained one principal band at sin 6/A = 0-129. 
Using an ionization spectrometer, Hartleif* obtained 
two principal bands at sin 6/A = 0-06 and 0-199 
respectively. In view of the widely inconsistent 
results reported by different authors, the structure 
of vitreous silica appears interesting and worthy of 
thorough study. The present investigation gives 
results which differ in many respects from those of 
previous workers. 

With copper Ka radiation two series of photo. 
graphs have been taken. For one series, a Debye- 
Scherrer camera was used. The specimen was ground 
in a mortar to a fine powder and then made into the 
shape of a cylindrical rod. For the other series, the 
pinhole transmission method was used. In this case 
the specimen consisted of a thin plate polished down 
from the lump to a thickness of about 0-5 mm. 

It is rather astonishing to find that the two series 
of experiments do not give exactly identical results. 
The Debye-Scherrer photographs show that the 
diffraction pattern has in general two strong bands A 
and B and a series of weak bands c, d, e, f.g,h. The 
weak bands are so faint and diffuse that they can be 
recognized only with the utmost care. In certain 
cases, faint sharp lines 1,, 1,, 1, appear together with 
the diffuse bands. Band A may sometimes disappear 
even with the same specimen. The cause of this 
change is still unknown and is probably some 
sort of aging effect. With the pin-hole transmission 
photographs we always obtained two bands O and 
B, the relative intensities of which may, however, 
vary widely with different specimens. Two typical 
transmission photographs are shown in photographs 
a and b. 

The accompanying table shows the positions of the 
bands and the lines and their corresponding spacings 
(d) calculated according to Bragg’s law. 























| 6 sin* 6 (hk, D d(A.) | sin 0/2 | 
im 5°04’ | 0-0088 100 8-18 | 0-061 
. oz 7° 37° 0-0176 110 5-80 0-086 
B | 10°50’ | 0-0353 200 4-09 | 0-122 
i, 13° 16’ 0-0527 211 3°35 0-149 
| & 18° 06’ 0-0965 311 2-48 0-202 
| & 24° 08’ 0-1671 $331 1-88 0-266 
e | 32°41’ 0-2916 440 1-42 0-351 
ad | 39° 29° 0-4043 631 1-21 0-413 
- 52° 44’ 0-6333 822,660] 0-96 0-517 
f | 59°53 0-7482 920,760! 0-89 0-562 
q 69° 43’ 0-8798 |1000,860]| 0-82 0-609 
| h 75° 58” 0-9412 951,773] 0-79 0-630 





It is clear from the above table that our trans- 
mission photographs agree exactly with Hartleif’s 
spectrometer results. Most probably the band 
observed by Randall is really our band B, although 
the value 4-33 A. given by him differs from 4-09 A. 
by an amount which is beyond experimental error. 
We failed to identify the band corresponding to 
7-1 A. reported by Parmlee, Clark and co-workers. 
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(Column 3 in the table gives the sin*§ values corre- 
sponding to various bands and lines. Column 4 gives 
the plane indexes based on a cubic or pseudo-cubic 
zructure taking the lattice spacing as 8-18 A. The 
wsignment of these indices is perhaps more apparent 
chan real. It does not mean necessarily that our 
eauits are in favour of the crystallite theory of 
Jasses, aS no crystalline modification of SiO, can 
fll into this scheme. Moreover, the occurrence of 
che bands and their relative intensities vary with 
the specimen and with different circumstances. We 
sre not of the opinion that the sharp lines are due to 
jevitrification if the word ‘devitrification’ has its 
sual significance, since it is extremely unlikely that 





is devitrified the diffraction from the 
crystallites should have but a few sharp lines while 
the others remain diffuse. 


when glass 


The difference shown by the Debye-Scherrer 
photographs and the pin-hole transmission photo- 
graphs may be interpreted on the ground that on 
powdering a glass a certain freedom of re-arrangement 
is regained’, thus causing certain changes in the 
structure. This point has been verified by taking a 
pin-hole transmission photograph of a slab of powder. 
The photograph comes out to be the same as that 
taken with the Debye-Scherrer camera, as shown 
in photograph c. 

We have noticed that in the transmission photo- 
graphs the relative intensities of the two bands O 
and B may change even with different locations of 
the same specimen. This appears to support Prins’s 
idea that the degree of organization of glasses may 
be appreciably different in neighbouring small 
regions*. In other words, large fluctuations do occur 
in vitreous silica. 

Fourier integral analysis is now being used to 
investigate from our own photographs the possible 
radial distribution of the scattering centres. 

8S. 8S. Lu. 
Y. L. CHane. 


Institute of Radium, 
Shanghai. 


'Parmelee, Clark and Badger, J. Soc. Glass Tech., 18, 285 (1929). 
* Randall, Rooksby and Cooper, NATURE, 125, 458 (1930). 


"Warren, Krutter and Morningstar, J. Amer. Ceramic Soc., 19, 202 
(1936); Warren, J. Applied Phys., 8, 645 (1937). 


*Hartleif, G., Z. anorg. u. allg. Chem., 288, 353 (1938). 
*See Bernal’s discussion on glass. Trans. Faraday Soc., 38, 113 (1937). 


Prins, J. A., Trans. Faraday Soc., 33, 110 (1937). 
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Band Spectrum of Sodium Hydride 


THE band spectrum of sodium hydride has been 
studied by Hori'»* and later by Olsson*. Olsson 
concluded from his analysis of the spectrum of NaD 
that the values of v’ given by Hori* for NaH should 
be raised by three units. The results given below 
were obtained with the view of supplying the missing 
data for the three lowest vibrational levels of the 
excited state, which are of especial interest for com- 
parison with the corresponding data for the hydrides 
of the other alkali metals. 

The spectrum was obtained from a discharge tube 
of the type described by Pearse and Gaydon‘, and 





grating photographs were taken (dispersions 2-6 and 
1-9 A./mm.) in the region 2A 6400-4900. The results 
of the analysis of the spectrum are summarized below. 


Origins of new bands : 


(v’,v”) ’ A (v’,v”) ’ a 
(2,3) 19659 -8 5085-1 (1,6) 16375 -6 6105-0 
(3,3) 19996 -9 4999-4 (2,6) 16705 -6 5984-4 
(4,6) 17386 -6 5750-0 
(2,4) 18638 -6 5363-7 (5,6) 17736 -2 5636 -6 
(3,4) 18975°8 5268-4 
(4,4) 19319-5 5174-7 
(5,4) 19669 -5 5082 -6 (3,7) 16130 -0 6197-9 
(6,4) 20023 -2 4992-8 (4,7) 16473 °7 6068 -6 
(7,4) 20380 -4 4905-3 (5,7) 16823 °4 5942-5 
(7,7) 17534 -6 5701-4 
(1,5) 17324-3 5770-6 
(2,5) 17654 °3 5662-8 
(3,5) 17991 -5 5556 -6 (5,8) 15046 4 6269-3 
(5,5) 18685 -0 5350-4 (6,8) 16300 5 6133-1 
(6,5) 19038 -8 5251-0 (7,8) 16657+7 6001 -6 
(7,5) 19396 -0 5154-3 
» = 22719-1 + (310-6u" + 5-41u’* — 0-197u"% — 0-00073u"* + 
0 -000073u"*) (1172-2u" — 19-72u"* + 0-160u" — 0-005"), 


where vu = v + 4. 
Rotational constants for the lower levels of the 
excited state : 


v’ 1 2 3 
B’ : 1-823 1-875 1-908 
—~D’ x10 : 2-25 2-25 2-20 
F’ x10 : 5-1 3-9 3-0 
Rotational constants for the ground-leve : 
B’ = 4-886 — 0-129u" 
- D” x 10° = 2-76 + 0-20u” — 0-021u"* 
F” x 10° 1-7 


It is hoped to publish the analysis soon in greater 
detail ; further work is also in hand. 


Imperial College, R. C. PANKHURST. 


London, S.W.7. 
* Hori, T., Z. Phys., 8, 352 (1930). 
* Hori, T., Z. Phys., 71, 478 (1931). 


* Olsson, E., Z. Phys., 98, 206 (1935). 
* Pearse, R. W. B., and Gaydon, A. G., Proc. Phys. Soc., 50, 201 (1938). 
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RESEARCH ITEMS 


Rancidity of Pork and its Prevention 


WHEN pork is stored in the frozen condition for 
subsequent manufacture into ‘Wiltshire’ bacon, 
changes are apt to occur in the fat which may 
become rancid, and in the lean which may lose 
colour and become dry on the surface. By studying 
pork kept for forty-eight weeks in various conditions 
of humidity and temperature, W. H. Cook and W. 
Harold White have found that temperature is the 
primary factor concerned (Canadian J. Res., 19, 
Sect. D, 53; 1941). The temperatures tested ranged 
from —6-6° to —23°C. A significant increase in 
peroxide oxygen occurred in fat with any increase in 
temperature over —12-2°C., and it was considered 
that temperature and not the presence of moulds 
was the prime factor responsible for rancidity. Even 
at the relatively high temperature of —6-6° C. the 
content of free fatty acid was small and could con- 
tribute little to the deterioration of pork fat. If 
rancidity is to be prevented over storage periods of 
approximately one year’s duration, storage tem- 
peratures of — 18° C. or lower are essential. If drying 
of the surface and the associated discoloration is to 
be avoided, a temperature of —18° C. must also be 
maintained, but samples which suffered the greatest 
colour change during storage showed the least 
change during subsequent exposure. 


Red Sea Corals 


C. CrossLanp deals in a-report issued by the 
Egyptian Biological Station at Ghardaqa with the 
coral formations, fringing reefs and barriers extending 
off the shores of the Red Sea for more than 1,500 
miles. The coastal areas are also formed from reef 
structures of recent age; they are about 1 km. wide 
and seldom more than 20 ft. thick. The fringing 
reefs are erosion platforms cut into the last with 
very little addition by recent growth. Outside are 
irregular areas extending in front of the shore forma- 
tions; they are often separated by water of much 
greater depth than in any coral lagoon and thus 
differ from the regular barrier reefs. Litho- 
thamnionez are not constituents of importance, and 
hence these reefs have no raised edges. Submerged 
shoals were extensively explored by means of the 
grab, which gives the most accurate quantitative 
results. They are mostly flat with edges steep. While 
all of suitable depth are covered with coral material, 
this is usually dead. Few living corals were obtained 
and these of small size, though surface reefs luxuriant 
in coral life are found in their vicinity. The tables 
of some proved distinctly deeper than they were when 
originally charted. Besides these, the echo sounder 
showed numerous submarine hills still farther sea- 
ward. Some of these reach the surface and form 
shoals or islets rising in water several hundred 
fathoms deep. Their coral caps do not provide debris 
to cover more than the first 40 fathoms of their slopes ; 
the Red Sea region does not possess extensive talus 
slopes round its reefs. Indeed the whole conditions 
lead Dr. Crossland to think that, on balance, both 
reef formation and coral growth is now in decline in 
the Red Sea—a condition also postulated for some 
coral regions of the Indian Ocean. 


Fossil Lizards from Utah 


In 1937 a Smithsonian expedition was fortunat. 
to discover a locality in Utah in which the Saurigy 
remains were not only the most ancient known from 
North America but were the best preserved an 
articulated yet found on that continent. A pre. 
liminary account, by Charles W. Gilmore, of « ney 
genus and species, Polyglyphanodon sternbergi, de. 
scribes a dentition unique among Saurians. The 
teeth are subacrodont and heterodont, the posterior 
ones being much widened with sharp transverse 


cutting ridges. Upper and lower teeth arv indigs. 
tinguishable ; there are 6 in the premaxillary, 18 jn 
maxillary and 19 in dentary (Smithsonian Misc, 


Colls., 99, No. 16). 


Neuroptera of the Nearctic Region 


F. M. Carpenter, of Harvard University. has 
published a revisional memoir on the Hemerobioid 
division of the Neuroptera (Proc. Amer. Acad. Arts 
and Sci., 74, 193 ; 1940). It is based on the examina. 
tion of more than eight thousand specimens a con. 
siderable number of which were from European 
museums. The terminology employed is, in the main, 
that of Killington (1936), but it is noteworthy that 
the interpretation of the wing venation is based on 
the findings of the Russian entomologist, Mart ynoy 
(1928), who showed that the anterior branch of the 
media has become partially amalgamated with 
the radius. This conclusion has been confirmed by the 
late R. J. Tillyard, and also by the author of the 
present paper. What appears to be the last branch 
of the radial sector in these insects is, in reality, the 
anterior media which was previously supposed to be 
wanting in Neuroptera. One of the most interesting 
of the lace-wings recorded is the holarctic species, 
Psectra diptera. JRare in Britain, and in no case 
abundant in other lands, its nearctic range is the 
north-east part of America. From an examination 
of forty-four examples the author concludes that the 
dimorphism shown in this species is not a peculiarity 
of sex, since both dipterous males and females are 
recorded in equal numbers. Of considerable interest 
is the family Polystoechotide, which is confined to 
the New World, and hitherto represented by a single 
genus. The discovery of a second and new genus, 
Platystoechotes, from California, is based on a single 
species named P. lincatus. 


Alternation of Generations in Perennating Rust Fungi 


AN interesting account of the alternation of the 
rust fungus from the binucleate to the uni-nucleate 
mycelium types, in the case when the rust fungus 
remains a permanent infection on a perennating host, 
has recently been published by A. M. Brown (Canad. J. 
Res., 19, 75; 1941). Rust-free plants of Lact «wa 
pulchella may be infected with Puccinia minussensis 
by inoculating the seedling leaves or the rhizome 
buds of older plants, with either the «cidiospores or 
uredospores, or by packing teleutospores into the leaf 
axil of mature plants and afterwards using the 
infected nodes as parts of propagation cuttings. How- 
ever the plant is infected the binucleate mycelium 
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of the parasite makes its way along the shoot and 
into the rhizomes, but before it reaches the terminal 
buds of the rhizomes its nuclear condition changes, 
as only the uninucleate mycelium has been found in 
the bud scales. Such infected rhizome buds give 
.hoots on which pycnidia alone are seen at first. Thus 
the alternation from the binucleate to the uninucleate 
condition depends apparently on the maturity of the 
host tissue involved and the food supply available 


to the fungus. 


Sugar-Cane Field Experiments 

Some fourteen years ago, the Sugar Cane Investi- 
ation Committee of Trinidad embarked on its work 
with a single manurial experiment on the land of 
one of the larger companies. The passage of time 
has witnessed a notable expansion of the original 
research programme, present-day work being con- 
cerned not only with the influence of fertilizers and 
mixtures of fertilizers on yield, but taking in its 
stride the effect of such operations as drainage and 
cultural practices and the response of varieties to 
different soil types. Since 1936 the number of experi- 
ments has remained stationary at an average of 
sixty-five a year. Some idea of the extent of the 
work now on hand may perhaps be given by referring 
to the report for 1940 just received (Ann. Rept., 1940, 
Sugar Cane Invest. Committee, Trinidad, by P. E. 
Turner). This report, which is by way of being a 
straightforward, brief record of many individual 
experiments, runs to some two hundred and sixty 
pages and refers to the results obtained, on a variety 
of soil types, from applications of ground limestone, 
sulphate of ammonia, potash and phosphate, in 
various mixtures, and from such by-products as 
pen-manure, molasses and filter-press mud; while 
cultural processes included drainage, furrowing, mulch- 
ing with megasse, and different spacings of plants. 
Varietal tests alone involved records on nine different 
soil types. Layouts enabling orthodox use of the 
analysis of variance have been used throughout. 
Because of the nature of the work, no attempt can 
be made here to indicate, even in the most abbreviated 
form, the many useful and economically important 
results which have accrued. The scheme, in fact, 
has justified itself in a most reassuring fashion, and 
shows in a striking way the service which the modern 
soil chemist and agronomist can render, even within 
the brief span of a few years, to agriculture, provided 
the experimental programme is supported by ade- 
quate funds and afforded reasonable facilities. 


Sex Chromosomes of Apodemus 


P. C. Koiuer (J. Gen., 41, 375-390; 1941) has 
examined the sex chromosomes of Apodemus syl- 
vaticus, the field mouse, and A. hebridensis, the local 
Hebridean race. He shows that these sex-chromo- 
somes have similar general properties to those found 
in the sex-chromosomes of many other organisms. 
There is a pairing segment in the X and Y chromo- 
somes and a differential segment in the Y chromo- 
some. In A. sylvaticus, the centromere is medianly 
placed in the pairing segment which may form 
chiasmata on either side of the centromere. 92 per 
cent of the spermatocytes show post reduction. A. 
hebridensis has a smaller Y chromosome than A. 
sylvaticus and the fact that post-reduction is obliga- 
tory indicates that the distal part of the pairing 
segment is too small to form a chiasma. The difference 
between the sex-chromosomes of the two species 
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could be brought about by a change in the position 
of the centromere through a pericentric inversion. 
Thus the distal portion of the pairing segment would 
be greatly reduced and therefore be unable to form 
a chiasma. 


Chromatid Interference 


C. L. Huskins and H. B. Newcombe (Genetics, 26, 
101-128; 1941) have investigated the chromosome 
configurations of Trillium erectum involving pairs of 
chiasmata. By an analysis of the possible appearances 
of the chromatids they are able to show that, in 240 
bivalents, compensating chiasmata are greatly in 
excess of non-compensating chiasmata. Hence one 
chiasma partially determines the chromatids involved 
in the second chiasma. The simplest types of chrom- 
atid arrangement are more prevalent in shorter 
lengths and also in cells with higher chiasma fre- 
quency. Therefore, the distance between adjacent 
chiasmata has a great effect on the type of chromatid 
arrangement. Re-examination of genetical data in 
Drosophila indicates that there may be a similar 
length-type relationship—short distances are asso- 
ciated with an excess of two-strand double cross- 
overs (compensating types). 


Formation of Martensite on Wire Ropes 


WrrE ropes used in mining, and particularly haul- 
age ropes, are subject in service to severe wear which, 
by reducing the cross-sectional area of the outer 
wires, gradually reduces the strength of the ropes. 
A more serious cause of deterioration, difficult to 
detect and therefore correspondingly dangerous, re- 
sults from the formation of a brittle surface on the 
outer wires which leads to their rapid failure by the 
development of cracks beginning in the brittle layer. 
In one case where failure occurred microscopic exam- 
ination of the wires showed the presence of a layer of 
martensite covering a large area of the worn surface, 
but having a maximum thickness of only 0-003 in. 
In a paper discussed before the Iron and Steel 
Institute (May, 1941), E. M. Trent describes the 
occurrence of such thin layers of martensite on the 
worn surfaces of wire ropes. Similar martensitic sur- 
faces have been reproduced in the laboratory by a 
number of methods, such as striking the wire a 
glancing blow with a hardened steel tool or rubbing 
the wire with a steel tool under heavy pressure. The 
metallurgical structures of the layers are described, 
and their effect on the mechanical properties of the 
wire is discussed. It is concluded that the formation 
of martensite is an important cause of deterioration 
and failure in haulage ropes, and it is pointed out 
that care should be taken to prevent such ropes 
from rubbing against metal objects such as seized 
pulleys or rollers, rails, steel sleepers, roof girders, 
ete. Under certain conditions of corrosion the presence 
of martensite containing cracks leads to the forma- 
tion of corrosion pits on the worn surfaces of wires. 
When these pits take the form of what is known as 
‘chain pitting’, they indicate that martensite is prob- 
ably present. 


A Plutonic Phase in Seismic Prospecting 


THE phase pP has been well recorded from plutonic 
or deep-focus, earthquakes. An interesting occurrence, 
of this same phase has been observed by L. D. Leet 
(Paper 29, Geophysical Research, Harvard Univer- 
sity) in certain seismic prospecting operations. 
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Velocity calibrations are occasionally obtained by 
lowering a seismometer into a well and timing the 
travel to it of waves from explosions near the surface. 
In the occurrence reported by Leet, records were 
taken in a well at depths from 2,000 ft. to 5,790 ft. 
Shots were fired at the bottom of a 46-ft. hole, and 
a second seismometer was placed on the surface near 
this shot hole to record the up-hole time of the first 
wave in the ground. In earthquake terminology, 
this supplied waves of which the foca] depth, travel 
time to the epicentre, and travel time to a distant 
station were accurately known. The up-hole time 
averaged close to 0-015 sec. and the pP—P interval 
very nearly the 0-03 sec. to be expected under those 
conditions. At 4,000 ft. and 4,500 ft., according to 
Leet, pP is actually larger in amplitude than P. It is 
always well marked, and appears to begin 180° out 
of phase with P. The abnormal number of crests 
shown by many reflected groups in routine prospect- 
ing is undoubtedly traceable, in part at least, to this 
dual nature of the incident energy. With shot holes 
of this or greater depth, there is even danger that 
pP will be mistaken for a reflexion from a horizon 
deeper than that which actually returned it to the 
surface. 


Protein Structure 

Tue cyclol hypothesis of protein structure is con- 
sidered by D. M. Wrinch (J. Amer. Chem. Soc., 63, 
330; 1941) in relation to arguments against it which 
have been advanced by Pauling and Niemann (JJ. 
Amer. Chem. Soc., 61, 1860 ; 1939). It is pointed out 
that the arguments against the theory based on 
interatomic distances are not binding, since examples 
are known in other fields where the chemical evidence 
is not compatible with these distances. The heat of 
denaturation which has been put forward as evidence 
against the theory is shown to depend on bond 
energies which, it is claimed, are used in a way on 
which little reliance can be placed. The argument 
based on the assumption that Anson and Mirsky’s de- 
natured trypsin consists of linear polypeptides is 
claimed to be invalid, as the cyclol theory does not 
assume the opening of all cyclol bonds, but only 
that any breakdown of the intact structure is pro- 
duced by the opening of any subset of cyclol bonds, 
and it offers an interpretation of the fact that very 
different denatured products can be obtained from 
one and the same protein. 


Resolving Agent for Carbonyl Compounds 

COMPARATIVELY few resolutions of racemic carbonyl! 
compounds are described in the literature. Of several 
optically active hydrazine derivatives which might 
be used as resolving agents, many have not been 
obtained pure and the majority are oils or solids 
of low melting point. None of them yields readily 
crystalline derivatives with a variety of carbonyl 
compounds. R. B. Woodward, T. P. Kohman and 
G. C. Harris (J. Amer. Chem. Soc., 63, 120; 1941) 
have found that /-menthol may be readily converted 
into l-menthyl-N-aminocarbamate by the action of 
ethyl chloroformate in presence of pyridine and treat- 
ment of the resulting ethyl l-menthyl carbonate with 
hydrazine. The aminocarbamate (which is called 
l-menthydrazide) is a stable, beautifully crystalline 
substance which with numerous carbonyl compounds 
gives stable crystalline derivatives of sharp melting 
points and definite specific rotations. The use of 
the reagent was demonstrated by the first successful 
resolution of dl-camphor. 
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Catalytic Activity and Structure of Metal Films 
From the laboratories of the Shell Developmen; 
Company, Emeryville, California, comes a study 
the correlation of catalytic activity and physica! 
structure of the catalyst. In the experiments Carried 
out by O. Beeck, A. E. Smith and A. Wheeler (P,,, 
Roy. Soc., A, 117, 63; 1940) metal films of high ani 
reproducible catalytic activity were got by eq). 
densation on to glass at suitable temperatures, Loy. 
pressure adsorption of hydrogen at room temperatyy, 
and of carbon monoxide at liquid air temperatyp, 
showed that oriented gas-evaporated nickel films hay, 
twice the available surface per gram of random) 
oriented high-vacuum films, but ten times ¢), 
activity. The oriented films have therefore five time 
the activity of unoriented films. The activity pe 
unit weight of the films was constant, indicat ing tha 
the reaction gases easily reached the interior. Adsorp. 
tion of hydrogen was too fast to be measured. \dsorp 
tion isotherms on nickel film were got for ethylone, 
carbon monoxide, nitrogen, hydrogen and oxygen, 
The poisoning effect of carbon monoxide and oxygey 
and the effect of sintering were studied. Most of the 
work was done with nickel films, but films of iroy. 
cobalt, palladium, platinum and copper were als 
used. The enhanced activity of oriented films appears 
to be associated with the larger distances in the (110 
plane of nickel or the (111) plane of iron. The bearing 
of the results on the definition of active centres and 
on the general problem of adsorption is discussed. 


Soft X-Ray Spectroscopy of Solids 





AN account is given by H. W. B. Skinner (Phil. 
Trans. Roy. Soc., A, 239; 1940) of an experimental 
study carried out in the H. H. Wills Physical Lab. 
oratory of the University of Bristol of the K- and 
L-emission spectra from elements of the first two 
groups of the periodic classification. A characteristic 
difference between the bands of metals and non. 
metals was found. The temperature effect on the 
metal bands is directly connected with the Max. 
wellian distribution of the conduction electrons and 
the influence of thermal expansion is appreciable. 
A large broadening of the valence levels of lowest 
energy is proposed. In determining the precise 
features of a band, the crystal structure of the 
material is the most important factor. 


Water on Mars 

IT is now seven years since observations of the B 
band in the spectrum of Mars established that the 
amount of free oxygen in the atmosphere of the 
planet was negligibly small. Spectrograms taken 
more recently with a 9-ft. spectrograph at the coudé 
focus of the 100-in. reflector at Mount Wilson hav 
now been examined (Astrophys. J., 93, 16; 1941) in 
order to detect, if possible, water-vapour lines due 
to absorption in the Martian atmosphere. The region 
photographed includes two prominent groups of 
water-vapour lines near 7000 A. Four plates were 
secured when Mars was approaching the earth, and 
three when it was receding. Any Martian contribu- 
tion to the water-vapour lines should thus cause the 
measured wave-lengths to differ in the two sets of 
plates. No significant difference is found, however, 
and the sensitivity of the method enables an upper 
limit for the amount of water-vapour in the equatorial 
regions of Mars to be fixed at 5 per cent of that in 
the earth’s atmosphere. These Mount Wilson re- 
searches are making the surface of Mars seem less 
and less inviting for life as we know it on the earth. 
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AGRICULTURAL LAND AND NATIONAL PLANNING* 


By Dr. L. Dupiey STamp 


N his speech to Parliament on February 26, Lord 
Reith made a statement on the duties assigned 
to him as Minister of Works and Buildings which 
were summarized as “seeing that all practicable 
preparations are made for the physical reconstruction 
of town and country”’. It was stated that the pre- 
paratory work would proceed on certain assumptions 
including : 

“hat the principle of planning will be accepted 
as national policy and that some central planning 
authority will be required. 

“That this Authority will proceed on a positive 
policy for such matters as ‘agriculture, industrial 
development and transport.” 

Lord Reith went on to direct attention to the huge 

acreage of good agricultural land which has been lost 

by unplanned development of industry or housing, 
and it is now clear that planners recognize the neces- 
sity and are willing to endorse the fundamental 
principle of the reservation of the best agricultural 
land'. This is a change of heart compared with the past 
twenty years, when there has been a clash of interests 
and a struggle for the same types of land which has 
fallen with especial severity on the best agricultural 
land. Level or gently undulating, well-drained land 
has not only those qualities which go to the making 
of the finest market gardening tracts but also those 
suitable for rapid development of housing, for the 
horizontal layout of modern factories, for aerodromes, 
playing-fields and even for great reservoirs. When 
such land is needed for ‘development’ its develop- 
ment value so far exceeds its value as agricultural 
land that every time agricultural interests tend to 
be ignored. National planning will not necessarily 
provide a remedy, since some of the worst offenders 
in promoting misuse of good land have been town 
planners and the powerful corporations behind them. 

If the fair apportionment of our national resources 
of land between the various uses and users is accepted 
as a primary object of national planning, the reserva- 
tion of the best agricultural land becomes a matter 
of immediate and urgent importance and cannot be 

carried out without the classification of land and the 
mapping of the categories distinguished. 

A preliminary scheme of classification and a tenta- 
tive small-scale map of England and Wales were 
prepared at the request of the Royal Commission on 
the Geographical Location of the Industrial Popula- 
tion by the Land Utilisation Survey*. With the 
co-operation of experts in the varied fields concerned, 
it has now been possible to elaborate the scheme of 
classification and to combine the results of county 
maps prepared by local workers into a general map 
of England and Wales on the scale of 10 miles to 
one inch. From this map the approximate acreages 
and percentages given below have been calculated. 
The data used are being recorded in the County 
Reports of the Survey, published under the title of 
the “Land of Britain’’. 

The classification proposed is a simple tenfold one, 
hased essentially on the broad physical features of the 


* Summary of a paper read before the Town and Country Planning 
Conference held at Oxford, March 28-31, 1941. 





land—quality and depth of soil, elevation, exposure, 
situation, climatic factors—which remain dominant 
considerations despite technical progress in the treat- 
ment of land by manuring, drainage, etc. Treatment 
can up-grade land and render it more productive, but 
does not alter its fundamental character. 

Prefixes : A—dominantly arable ; G—dominantly 
grassland ; H—dominantly heathland, moorland or 
rough pasture. 

Al. First-Class Arable Land, capable of intensive 
cultivation. Level or gently undulating. Deep, 
fertile, easily worked loam and silt soils, retentive of 
moisture and of fertilizers and often naturally rich 
in humus and mineral salts. 1,785,000 acres or 4-8 per 
cent of England and Wales. 

A 2. Good Arable Land, suitable for crop produc- 
tion. Found especially in eastern England where a 
rainfall of less than 30 inches, and good sunshine, as 
well as soil and relief favour arable farming and the 
ripening of corn crops. 5,642,000 acres or 15-0 per 
cent. 

AG 2.° Good General-purpose Farm Land. Found 
especially in the west of England where by reason 
of heavier rainfall it is suitable for ley farming—good 
grass and a limited range of crops. 1,446,000 acres 
or 3-8 per cent. 

73. First Quality Grassland, fatting pastures and 
good dairy pastures. Neutral grassland dominated by 
rye grass (Lolium perenne) and wild white clover 
(Trifolium repens). Mowing meadows yield 1—2 tons 
of hay per acre, pastures fatten animals without 
subsidiary feeding. Though not necessarily of lower 
fertility, much of this land is unsuitable for arable 
cultivation owing to high water table, periodic flooding 
or heavy soil. 758,000 acres or 2-0 per cent. 

G 4. Good Grassland. Neutral grassland with 
Agrostis and meadow grasses, usually on heavy clay 
soils which, though fertile, are difficult and expensive 
to plough. With surface water and small field units, 
more suitable for grassland farming. 2,875,500 acres 
or 7-7 per cent. 

Mixed A 2 and G 4 land occupies a further 2,613,000 
acres or 7-0 per cent and other areas where the better 
types of farming land are intimately intermingled 
cover together another 1,460,000 acres or 3-9 per cent. 
This gives a total of 16,579,500 acres or 44-2 per cent 
of England and Wales for the better farm lands. 

AG 5. Downland and Basic (Limestone) Grassland. 
Soils usually thin, light and calcareous; where 
ploughable (A 5) typical arable-sheep-barley land ; 
where in grass or unploughable (as on Limestone 
Pennines, G5) traditional fescue sheep-pastures. 
A 5 also includes certain other light-soiled arable 
tracts. 1,333,500 acres or 3-6 per cent. In addition, 
there are 1,262,000 acres or 3-4 per cent with an 
admixture of better land. 

AG 6. Medium Quality Farmland. Land pro- 
ductive both under crops and grass but which, by 
reason of slope, climate or soil, can never become 
first class. Soils generally immature and stony. 
Includes much of the farm land on the older rocks 
of western Britain, worked on a system of long leys. 
Grassland generally acidic or siliceous, dominated by 
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Agrostis or Agrostis-Festuca, liable to invasion by 
bracken, gorse, etce., and much in need of liming, 
manuring, draining or re-seeding. 8,281,000 acres or 
22-1 per cent, in addition to which there are 2,010,000 
acres or 5-3 per cent with an admixture of better land. 

77. Poor Quality Heavy Land. Land with very 
heavy, intractable soils or low-lying and difficult to 
drain. Poor grassland, especially Agrostis infested 
by rushes (Juncus). 382,500 acres or 1-0 per cent, 
together with 988,000 acres (2-6 per cent) of which 
parts have already been improved. This does not, 
of course, include the huge areas of AG 6 and G 4 
land badly in need of better drainage—probably half 
of the whole. Medium quality farm land (categories 
5, 6 and 7) thus totals 14,257,000 acres or 38-0 per 
cent of England and Wales. 

H 8. Poor Quality Mountain Land (Mountain or 
Rough Hill Pastures). Natural and semi-natural 
vegetation covering much of the uplands of old rocks 
especially above 1,000 feet. Thin, poor, stony, im- 
mature soils, usually leached and podsolic ; in areas 
of impeded drainage, acid peats ; in some areas many 
rock outcrops. Vegetation permits a detailed classi- 
fication (leading types are Nardus—Molinia moors, 
Eriophorum moors, heather moors, bilberry moors, 
ete.) and gives a clue to possibilities of improvement 
and use. 3,735,000 acres or 9-9 per cent, together 
with an additional 723,500 acres or 1-9 per cent with 
improved patches. 

H 9. Poor Quality Light Land (Lowland Heaths 
and Moors). Very light sandy or gravelly podsolized 
soils usually too ‘hungry’ (that is, unretentive of 
manures) for economic cultivation. Usually heath- 
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land ; suitable for coniferous afforestation or use ag 
open spaces. Includes also some undrained fons and 
mosses. 316,000 acres or 0-8 per cent, in addition 
to 1,200,000 or 3-2 per cent mixed with better lang 

H 10. Poorest Land (Saltings, Rough Marsh Pag. 
ture, Shingle, etc.). Land of varied character, by; 
in its present state of little agricultural value, though 
some (salt marshes) could be reclaimed. 78,000 acrog 
or 0-2 per cent. 

As matters of national policy it is suggested. 
(a) that the first four categories, that is, the bes 
agricultural lands, be preserved so far as possible jn 
agricultural use ; (b) that major schemes using large 
areas of land—for green belts, national parks, 
afforestation, etc.—be restricted to the poorer types 
of land. Other developments such as new trunk roads 
of the parkway type can well be aligned accordingly, 
while some of the poorest land (for example, sale 
marshes) is well situated for heavy industry ; (c) that 
the integration of land use envisaged by town planning 
schemes, the establishment of garden cities, ete., js 
especially important on land of intermediate quality, 

The above figures are provisional estimates and 
include the Isle of Man. Closely built-over areas 
such as the centres of cities and industrial works are 
excluded but land already occupied by houses with 
gardens is included. Calculations of the areas of the 
latter are being made and the map referred to is now 
in the Press. 


* See, fo? example, Town and Country Planning, March 1941, where 
this principle is stressed by the writers of four articles out of five 
published in that issue. 


+ Summarized in NATURE, 143, 456 (1939). 


STRUCTURE OF MOLECULES AND AGGREGATES 
OF MOLECULES 


A SYMPOSIUM on the structure of molecules 
and aggregates of molecules was held at 
Columbia University during December 30—January 
1, 1941, under the auspices of the Division of 
Physical and Inorganic Chemistry of the American 
Chemical Society. Some twenty papers which were 
submitted at this meeting appear.in extenso in the 
January numbers of the Journal of Chemical Physics 
and the Journal of the American Chemical Society. 
In a short introductory paper, Prof. J. G. Kirk- 
wood, chairman of the organizing committee, points 
out that “modern physical chemistry is primarily 
concerned with problems of structure as related both 
to the properties of systems in equilibrium and to 
the mechanism of the physical and chemical processes 
traversed in the attainment of equilibrium’”’. A large 
variety of theoretical and experimental techniques 
are, therefore, required to enable the determination 
of the structure of molecules of vastly different 
complexities, the structure of molecular aggregates, 
the nature and magnitude of intermolecular forces, 
the spatial arrangement of atoms in a molecule or 
of molecules in an aggregate, interatomic distances, 
and many other properties. On the theoretical side 
quantum mechanics lead to a fuller understanding of 
individual molecules, and aggregates of molecules are 
being investigated to a very great extent by the 
methods of statistical mechanics. On the experi- 
mental side the structure of simple molecules can be 


elucidated by a variety of well-established methods ; 
but to investigate the structure of solid and liquid 
aggregates is more difficult and, of the available 
methods, X-ray methods appear to give the fullest 
information. Thermodynamic properties also shed 
light on structural theories of gases, but with liquids 
and solids the evidence from this source is less com- 
plete and less conclusive ; nevertheless, increasingly 
promising results on these latter types are accruing 
from their statistical mechanical treatment. 

The papers, presented at the symposium and 
briefly summarized here, illustrate the width and 
variety of the topic and the modern means of tackling 
its immense unsolved mysteries. 

Among the purely theoretical contributions is one 
by Mayer and Montroll, who have put forward 
definitions of functions capable of describing the 
distribution of molecules in a system and have 
derived equations for their evaluation. When 
applied to gases, the distribution functions can be 
developed in power series in fugacity or inverse 
volume in which the coefficients are integrals in- 
volving the mutual potential energy between pairs 
of molecules. Extension to condensed systems, 
although possible, renders the equations much more 

#omplicated, but their approximate solution can be 
achieved by application of the cell method involving 
the probabilities of population of virtual cells. 

Quite a different application of statistical mechanics 
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is made by J. C. Slater in attempting to explain the 
transition in KH,PO,. The erystal structure indicates 
that the PO, groups are connected by hydrogen 
ponds, and thus different orientations of the H,PO,’ 
dipoles will arise from different possible arrangements 
of the hydrogens. When the H,PO,’ groups are 
pointing along the axis of the crystal they will have 
lowest energy, and spontaneous polarization along 
his axis will occur causing polarization below the 
Curie point. The statistical mechanical treatment 
predicts for this transition a phase change of the 
frst order with a sudden change from the low- 
temperature polarized state to the high-temperature 
unpolarized state. Experimentally it has been found 
that the transition is of the second order and is con- 
fned to a much narrower temperature range than 
that predicted by the Weiss theory. But this may 
be due to broadening of a first-order phase change 
rising from irregular shifts of transition temperatures 
in certain regions of the crystal produced by stresses 
and deformation at temperatures below the transition 
point. It has been found, too, that the susceptibility 
above the Curie point, calculated by the statistical 
mechanical method, agrees, unlike the predicted 
value on the Weiss theory, with the experimental 
result. On the other hand, the calculated entropy 
change is unaccountably 0-11 units less than the 
observed value. 

The existing qualitative ideas regarding hyper- 
conjugation, that is, the conjugation of a group such 
as CH, with groups containing double or triple bonds, 
are put on a quantitative basis by a quantum- 
mechanical treatment by R. S. Mulliken et al.* 
Hyperconjugation is considered to be omnipresent. 
Three general types of conjugation are recognized : 
(a) first order conjugation, for example, HC=C-C= 
CH; (6) second order conjugation (first order 
hyperconjugation), for example, H,=C-C=H ; (c) 
third order conjugation (second order hypercon- 
jugation), for example, H,=C-C=H,. Hypercon- 
jugation stabilizes molecules. Bonds are of two 
types, donor or acceptor ; C—H bonds in saturated 
hydrocarbons are donor and C-—C bonds acceptor. 
As a result of type (c) conjugation acceptor bonds 
gain appreciably in stability whereas donor bonds lose 
only a small amount of stability. Hyperconjugation 
confers on C-—C bonds approximately 11 per cent 
double bond character and on C=C bonds about 
!2 per cent triple bond character. The effects of 
conjugation in various molecules receive detailed 
discussion. 

Debye, in 1925, explained the salting out of non- 
electrolytes by their electrostatic interaction with 
ions, and treated the non-electrolyte as a homo- 
geneous medium. This method is extended and 
applied to the whole range of composition of alcohol- 
water mixtures by Scatchard, who takes account of 
the heterogeneity of the solvent. Satisfactory agree- 
ment with experimental data was not obtained 
probably because account was not taken of the actual 
structure of the solvent. 

The ascertainment of structure is possible by a 
variety of methods, and the symposium contains 
several papers on experimental and _ theoretical 
aspects of this topic. Beach, in continuation of his 
electron diffraction studies, contributes a paper 
dealing with the structure and dimensions of dioxa- 
diene, p-dioxene, and furan and two of its derivatives. 
In electron diffraction work information about the 
intensity distribution of scattered electrons is at 
* Papers published in Journal of the American Chemical Society. 





NATURE 








649 


present not very readily obtained. Recent improve- 
ments in technique, for example, the introduction of 
the rotating sector, should soon yield experimental 
information on this point. It should then be possible 
not only to determine interatomic distances but also 
to ascertain their natural degree of indeterminacy. 
The problem is treated theoretically by Debye by 
considering the influences of atemic vibrations and 
of free and hindered rotation of molecular groups on 
the scattering properties. 

The application of X-ray spectroscopy is made by 
Hoard and Martin* to the structure of oxyfluonio- 
bates. Interaction between aqueous solutions of 
niobium pentafluoride, NbF,, and potassium fluoride, 
KF, gives either K,NbOF,H,0O orK,NbOF, ; and, if HF 
is added as a third reactant, K,HNbOF, or K,NbF;. 
These are all crystalline compounds and their pre- 
paration, crystal forms, and the structures of the 
different ions are discussed, particularly K,HNbO, 
which is found to be an aggregate of K*, HF’, and 
octahedral NbOF,’ ions, having the salt-like structure 
K,NbOF,.KHF, and isomorphous with K,SnF,.KHF, 
and K,PbF,.KHF,. On the theoretical side Huggins 
extends Bragg’s photographic method for making 
a Fourier summation from crystal diffraction data. 

Analysis of vibrational spectra of polyatomic mole- 
cules is difficult but there are several aids available. 
An important one is the evaluation of force constants 
by means of normal co-ordinate calculations. Using 
a valency-force potential these force constants may 
be employed to study the character of different bonds 
and their variation with environment. Crawford and 
Brinkley examine this problem with reference to the 
six related molecules HCN, C,H,, C,H,, CH,;CN, 
methyl- and dimethyl-acetylene, and they show that 
stretching constants vary with bond type and with 
bond length, whereas bending and interaction con- 
stants vary only with bond type. To reduce the work 
of calculating vibration frequencies of complex 
molecules, Wilson develops various schomes and 
applies them to the methyl chloride molecule. He 
derives from these developments a modification of 
the Teller-Redlich isotopic product theorem. Morse 
functions, usually calculated from the energy of 
dissociation, nuclear separation, and fundamental 
vibration frequency, have been calculated by Hulbert 
and Hirschfelder, taking into account the additional 
spectroscopic constants, we%, and a, and the method 
is applied to twenty-five diatomic molecules belonging 
to various classes, for example, hydrogen molecules, 
hydrides, halogens, oxides, alkalis. The new five- 
parameter curves give potentials which lie above the 
Morse curves and indicate that the corrections for 
moderatély large internuclear distances may amount 
to 10 per cent of the energy of dissociation. Where 
comparison is possible there is good agreement 
between observed and calculated potentials. 

Smyth* discusses induction, resonance, and dipole 
moments and assesses contributions to dipole moments 
from inductive effects and resonance structures for 
a variety of molecules. He also computes the amount 
of ionic character in various bonds and obtains 
values in good agreement with electronegativities de- 
rived from thermal data. Comparison of the amounts 
of double bond character in carbon-halogen bonds in 
monohalogenobenzenes calculated from dipole mo- 
ment data with those calculated from interatomic 
distances reveals wide differences and leads to the 
conclusion that the amounts of resonance contribu- 
tions to dipole moment values cannot be accurately 
ascertained. The significance of this conclusion may 
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be somewhat altered by the revised values of the 
covalent radii of H, O, N, and F given by Schomaker 
and Stevenson* who also show that the bond length 
between two atoms A and B, r4pz is less than the 
sum of the normal single covalent bond radii, r4+rp, 
by 0-09 times the difference between the electro- 
negativities of A and B. 

Groups surrounding a chromophoric group exercise 
profound influences on the group and may even 
induce electronic transitions resulting in optical 
activity. These “vicinal actions” are discussed by 
Eyring and Kauzmann by reference to a large variety 
of substances, and they show that optical rotatory 
power may be utilized in investigating the structure 
of molecules, provided that due account is taken of 
“vicinal actions’’ in calculating optical rotations. 

Van Vleck obtains expressions for the susceptibility 
of an antiferromagnetic medium by means of the 
Debye vector model and finds tolerable agreement 
with experimental data. O. K. Rice discusses the 
equation of state for argon and derives its potential 
energy curve. The uncertainty as to whether it is 
the total potential of the electrode or only the over- 
voltage that is involved in the discharge of gaseous 
ions has been resolved by Kimball et al., who postu- 
late the existence of two different electrical double 
layers at the electrode surface and two corresponding 
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energy barriers over which protons myst pass What 
these barriers correspond with cannot be un (Mivoe. 
ally established, but it appears that most prohabh 
both correspond to proton transfers from wat:r mols. 
cule to water molecule. 

Rabinowitch and Epstein* discuss the poly meriga. 
tion of dyestuffs in solution from absorption spectra 
measurements on thionene and methylens bly. 
Organic dyestuffs show a universal property of dj. 
merization quantitatively interpretable by London's 
theory of intermolecular forces. The physica! chem. 
istry of insulin is investigated by Cohn et a/. using 
the radioactive isotope of zine (Zn*) and s udying 
the influences of excess Zn*, pH and ionic strength 
on the crystallization and solubility of insulin. 

The simultaneous appearance of these papers will 
prove of immense value to all interested. in modern 
physical chemistry. The topic has so many varied 
aspects that it calls for large numbers of invest ivators, 
each a specialist in his own field. Co-ordination of 
the contributions of the various specialists is necessary 
to enable the ‘ordinary’ physical chemist to appreciate 
to the full the significance of the various contributions. 
It therefore seems a pity that the whole symposium 
was not published in one journal and that the dis. 
cussions on the papers were not published along with 
them. 





CARNEGIE INSTITUTION OF WASHINGTON 


EAR BOOK No. 39 of the Carnegie Institution at 

Washingten covers the year July 1, 1939—June 

30, 1940. In addition to the report of the President, 

it includes reports on the departmental activities 

and co-operative studies covering astronomy, terres- 

trial biological sciences and _ historical 
research. 

The President, in his report, refers to the intensi- 
fication of scientific activities in the United States 
even in fields which are remote from the National 
Defence Programme. This he attributes to the 
stimulation of a democracy by the existence of 
danger, and suggests that fundamental scientific 
advance, like basic intellectual accomplishment of 
many kinds, is often accelerated rather than retarded 
by national stress. The income from endowment 
continued to decrease, but the current situation was 
transformed during the year by an emergency grant 
of 750,000 dollars from the Carnegie Corporation of 
New York, payable at the rate of 150,000 dollars 
annually for five years, and the year closed with a 
substantial excess of income over estimate. 

The Geophysical Laboratory and the Depart- 
ment of Terrestrial Magnetism have co-operated 
during the year in a programme which substantially 
extends the limits of experimental work on the pro- 
perties of materials under enormous pressures, 
utilizing a cascaded pressure equipment with which 
pressures of 200,000 atmospheres have already been 
reached, ahd certain physical measurements can be 
conducted with material under this pressure. High- 
temperature studies of anhydrous systems and their 
presentation by equilibrium diagrams have been 
continued in the Geophysical Laboratory, as well as 
studies of equilibrium in systems containing water 
at various pressures and temperatures. The Depart- 
ment of Terrestrial Magnetism has also continued its 
studies on the ionosphere as well as its geomagnetic 


sciences, 


studies on fluctuations in solar radiation, while its 
activities in nuclear physics have been extended to 
include a programme of fundamental work in biology 
and chemistry utilizing the artificial radioactive 
isotopes of ordinary elements as tracers for following 
various reactions. This programme centres round a 
large cyclotron installed last year. Observations at 
the Mount Wilson Observatory have afforded definit: 
evidence of the presence of organic compounds in 
interstellar space, and the evidence for the hydro- 
carbon gas CH and for cyanogen CN’ is almost con- 
clusive. The Department of Genetics has investigated 
the mechanism by which cosmic rays as well as 
X-rays cause mutations and hence the appearanc: 
of individuals differing abruptly from their ancestors 
It. has been found that very considerable delay may 
oecur between the fracture of a chromosome and its 
rearrangement so that reproduction may proceed. 
Experimental modification of the process, for example, 
by the use of alkaloids to cause the doubling of 
chromosomes, yielded much new knowledge. The 
report includes a review of this work, as well as an 
account of endocrine studies in the same Department. 
Biochemical investigations in the Division of Plant 
Biology have covered the organic nutrition of plants, 
the use of radioactive carbon dioxide in phote- 
synthesis, and oxidation, reduction and reactions in 
killed leaves. The report also includes an account of 
work by Robert Emerson and C. M. Lewis on the 
quantum efficiency of photosynthesis and the absorp- 
tion of carbon dioxide in the light and in the dark. 
Work by the Department of Embryology has covered 
the physiology of the reproductive system, the 
endocrine organs, tissue culture and tumour studies, 
as well as investigations on the nervous system. The 
report also includes a brief account of investigations 
in the Nutrition Laboratory and by the Division of 
Historical Research. 
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THE NATIONAL CENTRAL LIBRARY 


Committee of the National Central Library 
covers the year 1939-40 and indicates the important 
contribution the Library is making to the nation’s 
war effort. It is a centre which is used by Govern- 
ment Departments, research stations and industrial 
eoncerns and a channel through which books imme- 
diately essential for war purposes are being regularly 
supplied. At the same time it is ensuring that essential 
information is regularly available for those engaged 
in agriculture, trade and business of all descriptions. 
{mong special war work now being done by the 
Library mention may be made of assistance given by 
lending books to the camp libraries which are being 
established in connexion with the Lord Mayor of 
London’s Services’ Libraries and Book Fund by 
supplying bibliographical information to the Prisoners 
of War Beok Service and by assisting the Sea War 
Library Service which supplies books to men serving 
in the Royal Navy and Mercantile Marine. 

In July 1939 the Treasury announced that its 
grant to the Library for the year 1939-40 was to be 
reduced from £5,000 to £4,800, but a special grant of 
£100 has been provided by both the Governors of 
the Thomas Wall Trust and the Trustees of the 
Cassel Educational Trust to meet this deficit. The 
Treasury has since announced, in December 1939, 
that the grant-in-aid for the year 1940-41 is to be 
limited to £3,500, but this deficit has been met by 
an emergency grant from the Rockefeller Foundation 
of 8,500 dollars for the year 1940-41. The number 
of volumes in the Library was increased during the 
year from 161,383 to 170,972 and the total number 
of books issued during the year was 50,611, including 
1,191 books issued to adult classes, After the first 
few weeks of the War there was a steady increase in 
the number of applications received as well as in the 
percentage of important books asked for and the 
requests for bibliographical information. The group 
of Outlier Libraries now includes 114 special libraries, 
2 urban libraries which are not yet co operating in a 
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regional system and 19 London borough libraries. 
During the year the Bibliographical Society and the 
British Social Hygiene Council were added to these 
special libraries. A total of 491 libraries is now 
co-operating in the regional system and there are 
only 24 urban libraries serving a population of more 
than 20,000 which are not co-operating in this 
system. 

The number of books igsued to university libraries, 
excluding those issued to adult classes, decreased to 
3,046 during the year, and 4,440 books were lent by 
the university libraries to other libraries through the 
national system. Books borrowed from libraries in 
other countries for the use of libraries in the British 
Isles decreased to 159 compared with 283 in the 
previous year. 

Owing to the risk of destruction of property in the 
centre of London all the Union Catalogues as well as 
all other irreplaceable or scarce bibliographical 
material were moved early in September 1939 to 
Bourne Lodge, Bourne End, Hemel Hempstead, the 
non-bibliographical books and books belonging to 
the adult class department being left at Malet 
Place. This wae among the buildings in London 
recently destroyel by enemy action, and although a 
large number of books have been saved, many 
thousands have been destroyed, including the whole 
of the books in the adult class department and many 
long and valuable sets of publications. This loss is 
serious not only to the National Central Library 
itself but also to all other libraries in the British Isles 
which depend upon it for the books they are unable 
to supply from their own shelves. 

The Library is still able to give its unique service 
in arranging loans of books between libraries, the 
total number of volumes upon which it is able to 
draw for this purpose being no fewer than 21,000,000. 
The Trustees have already made arrangements to 
continue the full work of the Library and it is hoped 
that funds may be forthcoming to enable them to 
replace the more urgently wanted books. 


NATURAL GAS IN ONTARIO 


N view of the present more or less acute natural 
gas situation, J. F. Caley has anticipated a 
comprehensive memoir (now in the Press) by a brief 
mimeographed report on natural gas in Brantford 
Area, Ontario*. The report has actually been con- 
densed from the more detailed work and is intended 
to be an up-to-date guide to operators and others 
interested in the particular area. 

The region known as Brantford area extends for 
approximately 4,800 square miles from Dundas in 
the east to Aylmer in the west, and from Mount 
Forest in the north to the shore of Lake Erie in the 
south. Commercial production of natural gas is 
obtained from that part of the area lying south of 


* Canada Department of Mines and Resources. Mines and Geology 
Branch, Geological survey Paper 40-42. Preliminary Report: Natural 
Gas in Brantford Area, Ontario. J. F. Caley. Pp. ii+31+1 map. 
(Ottawa : King’s Printer, 1940.) 


an east-west line drawn through Paris and comes 
entirely from rocks of Silurian age, namely, the 
Medina, Clinton and Guelph formations. Actual 
productive horizons involved are the fine- to medium- 
grained sandstones of the Whirlpool (White Medina) ; 
light grey and red sandstone and sandy shale of the 
Grimsby (Red Medina); grey and buff crystalline or 
granular limestone of the Clinton; and the grey, 
buff or cream-coloured, crystalline and finely granular 
dolomite found in the upper part of the Guelph 
formation. 

A map showing structure contours drawn on top 
of the Clinton and accompanying the report shows 
that regional structure is monoclinal and has a 
southerly dip averaging approximately 24 ft. a mile 
over the whole producing area. Such variations in 
rate and direction of dip as occur have been caused 





652 


by unequal settling of the beds and variations in 
thickness of groups of beds ; they are not attributable 
to folding of the strata. Moreover, there is no apparent 
relation between structure and presence or absence 
of producing horizons. Accumulations of natural gas 
appear to be due to the porous character of certain 
beds and the existence of small decreases in dip 
within circumscribed areas. 

There is no evidence to indicate that features 
favourable to the accumulation of natural gas are 
confined to those parts of the southern area already 
in production, neither has sufficient exploratory 
work been carried out to define by dry holes limits 
of fields now in operation. It would appear, therefore, 
that investigations could usefully be carried out both 
in the northern part of Brantford area where the 
Guelph and Trenton formations in certain districts 
offer prospects of production, and also in the several 
untested, or apparently untested, parts intervening 
between existing wells in the southern part of the 
area. 


STORAGE OF AUSTRALIAN 
APPLES 


“HE Jonathan apple is the chief variety exported 
from Victoria, between 600,000 and 700,000 
bushels being sent overseas annually. Large quanti- 
ties are also kept in cool storage for local consump- 
tion. Two or three pickings are made at fortnightly 
intervals, the earlier fruits, which are usually green, 
immature and acidic being exported. The large 
portion of the crop is picked in a late stage of 
maturity and considerable wastage occurs due to 
physiological breakdowns and moulds. With the 
object of reducing this wastage, Trout, Tindale and 
Huelin (Bull. No. 135, Australian Coun. Sci. and 
Ind. Res., 1940) have carried out an intensive study 
of the effect of different factors on keeping quality. 
The most important are maturity at the time of 
picking, seasonal and growing conditions, size of the 
fruit and crop, conditions immediately after picking, 
and conditions during storage. The ground colour 
of the fruit is a good index of the stage of maturity 
in @ given district. Immature fruit is not very 
susceptible to storage disorders, but soft scald and 
breakdown are more frequent the longer the fruit is 
left on the tree. ‘Jonathan Spot’ develops in both 
immature and over-mature fruit. Soft scald is 
greatest between June and July and at 32° F. It 
can be controlled by storage at 36°-37° F. The 
most mature fruit is most susceptible to breakdown, 
which is greatest at 32° F. 

Mould and Jonathan Spot are greater at higher 
storage temperatures. Susceptibility to soft scald is 
increased by short periods at 55° F. and 65° F., before 
transfer to storage at 32° F., but decreases with longer 
periods. Cooling to 36°-45° F. immediately after 
picking is recommended, though the available cool 
storage space is at present a problem. Storage life 
can be prolonged by using an atmosphere containing 
5 per cent carbon dioxide and 16 per cent oxygen at 
36°F. Brownheart occurs with greater concentra- 
tions of carbon dioxide. Short treatment with 36 
per cent carbon dioxide reduces subsequent soft 
scald at 32° F. but increases breakdown and Jonathan 
Spot. The ratio of cane sugar to acid in the fruit is 
correlated with keeping quality and with the ground 
co\our at picking time. 
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FORTHCOMING EVENTS | 


[Meetings marked with an asterisk are open to the publie} 


Monday, May 26 
Royat Geoorapuicat Society (at the Cinema 1 
of the Imperial Institute, South Kensington, Londams 
S.W.7), at 5 p.m.—Colour and Sound Films . 
by the Lawrence Thaw Expedition, and of Boral by 


Mr. Nathan. 
Tuesday, May 27 
Royat InstrruTion oF Great Brirarn (at 21 Albemagip 
Street, London, W.1), at 5.15 p.m.—Dr. C. PF, & 
Pantin, F.R.S.: “The Origin of Life”’.* 


Wednesday, May 28 
INSTITUTE OF MeTats (at the New Clarendon Labora 
Oxford), at 3.30 p.m.—Dr. F. Simon, F.R.S The 
Significance of Low Temperature Research” ‘(Thirtys 
first Annual May Lecture). 


Thursday, May 29 
Roya Instrrution or Great Britain (at 21 Albemarle 
Street, London, W.1), at 5.15 p.m.—Mr. W. H. Ansell; 
“The Re-Planning of London”.* 


Friday, May 30 
Paysticat Socrety (at the Lecture Theatre of the Sciences 
Museum, Exhibition Road, London, 8.W.7), at 5 p.m— 
Dr. H. Spencer Jones, F.R.S.: ‘The 200-inch Telescope” 
(Twelfth Thomas Young Oration).* 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments 
before the dates mentioned : 


Sexton. Lecturer «8 ENGINEERING in the Oxford Schools of 
Technology, Art and Commerce—The Chief Education Officer, City 
Education Office, 77 George Street, Oxford (June 3). 

BorovecH ELRCTRICAL ENGINEER—The Town Clerk, Guildhall, 
Maidenhead (endorsed ‘Borough Electrical Engineer’) (June 5). 

ENGINEER for the Government of Sierra Leone Public Works Depart- 
ment—The Crown Agents for the Colonies, 4 Millbank, London, 8.W.1 
(quoting M /9552). 

LECTURER IN BIOLOGY WITH Principal, 
Training College, Hereford. 

LECTURER IN ELECTRICAL ENGINEERING in the Norwich College— 
The Director of Education, City Hall, Norwich. 

SecreTaRy—The Director of Research, British Launderers’ Re- 
search Association, The Laboratories, Hill View Gardens, Hendon, 
London, N.W.4. 

MAINTENANCE ENGINeER for the Transport and Harbours Depart- 
ment of the British Guiana Government—The Crown Agents for the 
Colonies, 4 Millbank, London, 8.W.1 (quoting M/9393). 
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REPORTS AND OTHER 
PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Transactions of the Royal my & P- - As Part 2, 
No. 11 : Ona World Correlatio ‘Be Be Paterson 

Pp. 873-425. (Edinburgh and Londen : Oliver and Bova.) 68. 6d. 
Quarterly Journal of the novel Meteorological Society. Vol. a 
No. 289: The Phenological Report, 1940. Pp. 67-98. (London: 
Royal Meteorological Society.) 32. an 
London Shellac Research Bureau. Technical ty yk : 
Lac Films, Part 2. By G. D. Heath and Dr. B. 8. Siavank 

Pp. 14+2 plates. (London: London Shellac Research Bureau.) 


Other Countries 


7 tw Council of Agricultural Research. Miscellaneous Bulletin 
No. 46: A Brief Survey of some of the Important Breeds of Cattle 
in India, Part 3: Prize Winners at the Second and Third All-India 
Cattle Shows. Pp. iii+30+34 plates. (Delhi: Manager of Publica- 
tions.) 2 rupees ; 3s. (55 

Canada: Department of Mines and ae: Mines and Geology 
Branch, Bureau of yp & — To pw oy Geological we 
Memoir 224: Palswozoic Toronto-Hamilton A 
Ontario. By J. F. Caley. ane oak.) Pp. iv +284. 75 cents. Memolt 
225: The Picton Coalfield, Nova Scotia. By W. A. Bell. (No. seers 
Pp. v+142+10 plates. 50 cents. (Ottawa: King’s s Printer.) 7 
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